AD-A066  135 


UNCLASSIFIED 


FOREIGN  TECHNOLOGY  DIV  MR  I 6HT-P ATTERSON  AFB  OHIO  F/6  9/1 

CALCULATION  OF  ELECTROMAGNETIC  RELAYS  FOR  EQUIPMENT  FOR  AUTOMAT— ETC <U> 
MAR  78  M I VITENBERG 

FTD-ID(RS)T-0124-78-PT-2  NL 


/$-/?<%<£  /3S 


fl 


FTD-ID(RS)T-0124-78 
Part  2 of  3 


FOREIGN  TECHNOLOGY  DIVISION 


CALCULATION  OF  ELECTROMAGNETIC  RELAYS  FOR 
EQUIPMENT  FOR  AUTOMATION  AND 
COMMUNICATION 


M.  I.  Vitenberg 


D D C 

r^Ei^PriDIIG 

Uj  1 9 MAR  1979 


Approved  for  public  release 
distribution  unlimited. 


■ 

Ml 

BH 

FTD-ID( RS ) T-012  4-7 8 


2 March  1978 


MICROFICHE  NR:  '/y /)  - /£  Q C€OA<1L/ 

CALCULATION  OF  ELECTROMAGNETIC  RELAYS  F )R 
EQUIPMENT  FOR  AUTOMATION  AND  COMMUN1 CAT  ION 

By.  M.  I.  Vitenberg 

English  pages:  1 1 >2 8 

Source.  Raschet  Elekt romagnitnykh  Rele  dlya 

Apparatury  Avtomatiki  i Svyazl  , Izd-vo, 
"Energiya",  Moscow,  1966,  pp.  1-723 

Country  of  origin.  USSR 

This  document  is  a machine  translation 

Requester.  FTD/SDN 

Approved  for  public  release;  distributi  n 
unlimited. 


•lrf*>i*.N  ' * 

NIiS 

White  Sectior 

DOC 

8. If  Sscti'jn 

UNAWOUKCCD 

usriHCAri  >n 

— 

:Y 

[isfij.rr:  n/ai 

Hisrimr  it: 

;v.«~  • ,l 

vld.  Of  SV-  * • 

THIS  TRANSLATION  IS  A RENDITION  OF  THE  ORIGI- 
NAL FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 
ADVOCATED  OR  IMPLIED  ARE  THOSE  OF  THE  SOURCE 
AND  DO  NOT  NECESSARILY  REFLECT  THE  POSITION 
OR  OPINION  OF  THE  FOREIGN  TECHNOLOGY  DI- 
VISION. 


PREPARED  BY: 

TRANSLATION  DIVISION 
FOREIGN  TECHNOLOGY  DIVISION 
WP-AFB.  OHIO. 


FTD-  ID(RS)T-012l»-78 


Date  2 Mar  19  78 


Tabl  ■ ot’  Contents 


11.8.  Board  on  Geographic  Names  Transliteration  Bystem 

Ire  face 

I nt  roduct ion 

i art  One.  Neutral  Relays 

Chapter  One.  Short  Description  of  the  Constructions  of 
Relays 

chapter  Two.  Mechanical  Characteristics  of  Relays 

Chapter  Three.  Calculation  of  Springs 

Chapter  Pour.  Calculation  of  Magnetic  Circuit 

Chapter  Five.  Calculation  of  the  Ampere-Turns  of 
Standard  Relays 

Chapter  Six.  Calculation  of  the  Windings  of  Relays 

Chapter  Seven.  Calculation  of  Relays,  Connected  in 

Difft  rent  Circul  s 

chap’,  er  Eight.  Calculation  of  Battery  Supply  Relays  for 
i.xch  nges 

Chapter  Nine.  Heating  the  Windings  of  Relays 

Chapt  er  Ten.  Time  Delay 

Chapter  Eleven.  Releasing  Time  of  Reliys 

Chapter  Twelve.  Effect  of  Climatic  and  Mechanical  Effects 
on  the  Work  of  Relays 

1 art  Two.  Polar  zed.  Magnitoe 1 ectric  and  High-Frequency 
Relays 

Chapter  Thirteen.  Polar  Relays 

Chapter  Fourteen.  Characteristics  of  Polar  Relays 

Chapter  Fifteen.  Magnetoelectric  Relay 

Chapter  Sixteen.  Relay  for  the  Commutation  of  the  Circuits 
i f High  Frequency 


U.  S.  bOAHD  ON  GEOGRAPHIC  NAMES  TRANSLITERATION  SYSTEM 


block 


Italic 


A 

a 

A 

* 

b 

0 

B 

6 

ti 

B 

B 

$ 

( 

r 

r 

$ 

p • 

A 

a 

d 

i 

G 

E 

$ 

tn 

Hi 

m 

X 

3 

3 

3 

t 

n 

M 

H 

u 

H 

H 

R 

a 

H 

h 

K 

K 

j i 

n 

n 

A 

i . 

•• 

H 

M 

M 

H 

H 

H 

U 

Q 

0 

0 

II 

ff 

n 

* 

Transliteration 
A , a 
b,  b 
V,  v 
o , g 
D,  a 

Ye,  ye;  I,  e« 

Zh,  oh 


block 

Ita 

L 1 1 C 

Tran  ;1 

H P 

P 

P 

K , r 

L C 

C 

c 

1 T 

T 

m 

T,  t 

y y 

y 

V 

U,  u 

4J  4 

* 

F,  V 

X X 

X 

* 

Kh , kh 

U M 

u 

V 

Ts , t s 

'(  H 

V 

V 

Ch,  eh 

Ul  uj 

111 

m 

Oh , sh 

U ut 

Ul 

mt 

Shch , 

1 1 a 

b 

» 

tl 

H si 

hi 

y 

Y,  y 

U ti 

b 

k 

I 

3 3 

9 

$ 

E , e 

hJ  to 

JO 

» 

Yu , yu 

tf  * 

R 

Ya,  ya 

*ye  lrilt 
Nheri  wri 


lally,  after  vowels,  and  after  a,  a,  e elsewnere. 
tten  as  e In  Russian,  transliterate  as  ye  or  e. 


RUSSIAN  AND  ENGLIS1  TRIGONOMETRIC  FUNCTIONS 

Russian 

English 

Russian 

English 

1 Russian 

Engl 

sin 

sin 

sh 

sinh 

arc 

sh 

sinh 

cos 

cos 

ch 

cosh 

arc 

ch 

cosh 

tg 

tan 

th 

tanh 

arc 

th 

tanh 

utg 

cot 

cth 

coth 

arc 

cth 

coth 

sec 

sec 

sch 

seeh 

arc 

sch 

sech 

cosec 

CSC 

csch 

csch 

arc 

csch 

csch 

Russ  an 

English 

rot 

curl 

lg 

log 

I 

I 


DCC  = 7 HO  124  11 


PACE 


Faye  229. 


Chapter  Five. 


calculation  of  the  ampere-turn s of  standard  relays. 

5-1.  Analytical  method  of  the  calculation  of  am pera -tut  ns. 

For  determining  the  ampere-turns  of  the  function  of 
relay,  loaded  by  any  contact  system,  it  is  necessary  to 
construct  mechanical  load  line  and  to  find  force  F,  and 
clearance  A,,  the  corresponding  to  critical  point 
electromechanical  cha rac ter ist ics  (Fig.  4-25).  Critical  points 
usually  lie/test  on  the  flanges  of  mechanical 

characteristics;  therefore  critical  point  can  be  easily  found 
that  on  having  the  electromechanical  characteristics  of 
relay.  If  mechanical  characteristic  has  two  flanges,  then 
calculation  is  necessary  to  carry  out  for  both  points, 
since  it  is  often  difficult  to  predict,  which  of  them  is 


critical 
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ca 

n 

be 

determined  w: 

L th  t 

he 

aid  of 

formulas  (4- 

74)  , 

(4-75) 

or 

(4- 

77)  . 

The  more  precise  value  of  the  ampere-turns  of  the 
function  of  relay  can  be  obtained  from  formula  (4-23),  if 
is  known  the  value  of  magnetic  flux  ©M  in  clearance, 

necessary  for  the  function  of  relay.  Substituting  value  ©, 
in  formulas  (4-15),  (4-15a)  and  (4-15b),  we  determine  the 

value  of  magnetic  flux  at  several  points  and  we  find  the 
value  of  average  resistor/resistance  1 m of  the  length  of 
magnetic  circuit  and  value  of  coefficient  of  q.  [If  average 
permeability  is  small,  then  more  accurate  results  gives 
formula  (4-31)  ]. 

For  determining  the  ampere-turns  or  the  function  of 

relay  from  equation  (4-23)  we  find  the  following  expression: 

JOT.  »,WVW,M|  (M) 
where  i - the  reluctance,  which  corresponds  to  critical 
point  6t. 

If  the  resistor/resistance  of  joints  can  be  disregarded 

(R0  * 0)  , then 


AW  =r  <Dn  (lfim  + qRm ,). 


(5-2) 


' I 


* 
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Am  pere-t  ur  ns 

necessary 

for 

conducting  the  magnetic 

f lux 

through  the 

clearance 

and 

the  magnetic  circuit 

AW, 

(5-3) 

and 

AWm 

= AW  — AW,. 

(5-4) 

The  ana 

ly tical  method 

of  the  calculation  of 

the 

am  pere-tur  ns 

of  function. 

presented  above,  it  can 

be  used 

for  the  calculation  of  relay  of  any  type,  but  this  method 
is  sufficiently  complex  and  requires  too  much  time.  During 
the  development  of  equipment  for  automation,  it  is  necessary 
to  determine  the  am pere- turns  of  function  for  a large 
quantity  of  relays  usually  of  one  type,  loaded  by  different 
contact  groups.  For  the  relay,  operating  in  complex 
conditions/modes,  furthermore,  it  is  necessary  to  also 
determine  the  ampere-turns  of  failure,  retention  and 
release/tempering.  A quantity  of  different  contact  groups 
(packets)  of  relay  is  sufficiently  great,  of  15  fundamental 
contact  groups  of  relay  of  the  type  HPN,  can  be  assembled 
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experimentally  on  the  basis  of  the  measurements  of  a large 
quantity  of  spec x men /sa m pies  of  relay. 


, Electromagnetic  relays  are  manufactured  under  conditions 
of  large-scale  production  in  essence  fcr  IV  to  the  class 
of  precision. 


The  value  of  the  ampere-turns  of  function  and 
re lease/tempet ing  of  relay  depends  on  a large  quantity  of 
different  factors  (tolerances  in  size  of  parts,  accuracy  of 
assembly,  fluctuations  of  the  quality  of  materials  and 

f 

thickness  of  coatinqs,  deviations  of  the  regulating 
parameters  and  so  forth).  Therefore  the  distribution  of  the 
values  of  the  current  (ampere- turn s)  of  function  and  release 
cf  relay  obeys  the  lav  normal  random  number  distribution. 

Page  231. 

For  parameter  determination  of  the  current  distribution  of 
function  and  current  of  the  release/tempering  of  relay,  it 
is  necessary  to  measure  not  less  than  JO-SO  specimen/samples 
of  the  relay  of  one  and  the  same  performance  (certificate). 


H'  HKJ  fP-  J 


" 
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In  such  cases  for  parameter  determination  of 
distribution,  it  is  more  convenient  to  use  the  integral 
distribution  curves,  plotted  on  probabilistic  grid,  since  the 
curve  of  normal  random  number  distribution  on  probability 
grid  is  a straight  line.  The  mathematical  expectation  of 
current  is  defined  on  straight  line  with  «/M0  = 50o/o., 
and  root- mean-sg uare  deviation  is  located  as  reduction  in 
current  during  a change  in  the  quantile  per  unit:  n/F0 
15 . 9o/o. 

Figures  5 — 1 b gives  integral  distribution  curves  according 
to  the  current  of  release/temper  ing  and  the  spill  current, 
of  relays  of  the  type  Rtsb  constructed  according  to 
nongrouped  points. 

Along  the  axis  of  abscissas,  are  d e pcsit/post po ned  the 
quantiles  of  the  normal  distribution  k and  the  probability 
cf  obtaining  tne  specimen/samples  cf  relay  with  the  datum 
of  the  spill  current  or  release/tempering  M/M0»  vhare  n is 
a total  quantity  of  specimen/samples,  having  the  spill 
current  or  release/tempering  not  of  the  mere  corresponding 
value  on  the  axis  of  ordinates  and  W0  is  the  total 
quantity  of  measured  specimen/samples  (M0  = J9) . 
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From  the  curves  of  Fig.  5-1b,  it  follows  that  the 
distribution  of  relay  according  to  spill  current  and  the 
current  of  release/tempering  is  virtually  subordinated  to 
normal  law.  With  probability  0.995  (o  = 2.6)  the  value  of 
the  spill  current  of  relay  is  within  the  limits  from  10.3 
to  16.3  mA  (according  to  certificate  /0  20  mA)  , and  the 
value  of  the  current  of  release/tempering  is  from  5-0  to 
10.5  mA  (on  certificate  I0  ^ 3 mA)  . The  great  deviation 
of  spill  current  from  average  value  (with  2.6a)  does  not 
exceed  + 22.60/0,  but  of  the  current  cf  release/tempering 


♦35. 5o/o. 

smallest 

value 

of  the  spread 

of  spill 

cu  rrent 

have  the 

relay  of 

the 

type  R ES  6 ♦ ( 6- 

1 1 ) o/o  and 

of  the 

relay  of 

the  type 

RES  10 

♦ (13-15)  o/o. 
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5-U>.  Integral  distribution  curves  according  to  spill 

curient  and  current  of  reloaso/t  em  per  i ng  ct  relay  af  typo 
PE  St). 


Key : ( 1 ) mA . 


fage  2 1 1. 


The  value  at  the  spill  current  ol  the  different  tyj>es 


of  relay  under 

normal  conditions  can 

he 

deflected 

to 

_♦  ( 10-10)  o/o  t rom 

average  value,  while 

t he 

value  of 

t ho 

current  of  toloase/t emper ing  - for  _*  ( 3b- 75)  o/o.  To  the 

account  for  these  fluctuations  in  the  certificates  of  relay, 

usually  are  enter/wr  itten  the  spill  currents  and  release, 
which  differ  from  average  values  f cr  tho  values,  determined 
by  the  appropriate  safety  factors. 

The  safety  factor  on  the  amporo-turns  of  function  is 

the  ratio  of  working  ampere-turns  to  the  ampere-t ur ns  of 
the  function  of  relay. 

If  magnetic  relay  circuit  on  is  saturated,  then 

attracting  force  can  he  considered  the  approximately 
proportional  to  the  square  of  ampere-turns.  in  this  case 
the  relationship/ratio  between  the  safety  factors  on 
attracting  force  and  on  ampere-turns  K,  will  be 
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expressed  by  the  following  formula: 

a'p  = * *•  (55) 

In  the  case  of  the  a pproach/approiima  tion  of  steel  to 

saturation,  the  exponent  K,  decreases. 

The  safety  factors,  caused  by  proauction  tolerances,  are 
called  the  production  or  certified/rating  safety  factors. 
Working  ampere-turns,  i.e.,  ampere-t urns,  obtained  relays  in 

the  operating  equipment,  must  differ  from  those  who  were 
indicated  in  certificate  so  in  order  to  ensure  necessary 
speed  of  response  and  the  reliability  of  the  operation  of 

relay  with  fluctuations  of  the  voltage  of  battery,  changes 
in  the  load  of  armature  and  increases  of  the 

resistor/resistance  of  the  circuit  of  winding,  possible  under 
operating  conditions. 

Thus,  it  is  necessary  to  distinguish  two  safety 
factors:  1)  certified/rating  and  2)  working. 


a)  Certified/rating  safety  factor. 


The  value  of  the  certified/rating  safety  factor  depends 
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ampere-turns  of 

function  is 

taken  as 

egual  to 

1.22,  and  on 

the  ampere- tut  ns 

of  retent  ion 

, r el ease/tempet ing 

and  failures 

equal  to  1.6. 

of  the  relay 

of  types 

HPN  and 

of  HKH,  the 

cert i fied/rating 

safety  factor 

is  laid 

in  design 

sc  hedu les 

and  cuives;  therefore  computed  values  of  the  ampere-turns  ot 
these  types  of  relay  are  enter/written  in  certificates 
withoit  supplementary  reserves. 


b) 


Working  safety  factor. 


Depending  on  work  conditions  in  the  circuits  of  relay, 
they  can  be  divided  to  two  groups:  voltage  relays, 
connected  directly  (in  parallel)  to  the  common  feed  circuit, 
and  current  relays,  connected  in  series  with  different 
instruments  (for  example  the  anode  relays,  linear  so  forth). 

For  voltage  relay,  the  working  satety  factor  on  the 
actuation  voltage  depends  on  the  fluctuations  of  supply 
voltage,  tolerance  level  for  winding  impedance  of  relay, 
changes  in  winding  impedance  as  a result  of  its  heating 
and  increases  in  the  spill  current  ot  relay  during  changes 
in  the  load  of  armature. 


DOC 


780 12412 


PAGE  AAT 


The  value  of  the  working  coefficient  of  the  reserve  of 
relay  on  stress  it  is  possible  to  present  in  the  form  of 
the  following  formula: 


(5-6) 


where  k H is  the  coefficient,  which 
decrease  in  supply  voltage;  is 

considers  an  increase  in  the  spill 
the  changes  in  the  adjustment,  the 
accelerations  and  impacts,  and  also 
surrounding  temperature  and  increase 
the  coefficient,  which  considers  the 
(increase)  of  winding  impedance  of 
temperature  from  nominal  value; 


considers  possible 
the  coefficient,  which 
current  of  relay  under 
influence  of  uniform 
with  decrease  in 
in  the  humidity;  k,  is 
protatle  deviation 
relay  at  normal 
is  the  coefficient,  which 


considers  an  increase  in  winding  impedance  of  relay  as  a 
result  of  a change  in  the  temperature  of  surrounding  air 
and  overheating  of  winding  under  the  action  through  it  of 
the  current  taking  place. 

d change  in  supply  voltage  usually  dees  not  exceed 
j^10o/o,  in  certain  cases  the  tolerance  increases  to 
15-20o/o.  viith  tolerance  level  OOc/o  coefficient  5*  0,9.  An 
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increase  in  the  spill  current  of  relay  under  the  influence 
of  uniform  accelerations  and  impacts  largely  does  not  exceed 
10-20o/o,  but  during  changes  in  the  ambient  temperature  and 
humidity  IO0/0. 

The  value  of  coefficient  kj>  strongly  depends  on  the 


construction 

of  relay,  values 

of 

accelerations 

and 

fluctuations 

of  temperature; 

therefore  it  can 

change 

within 

sufficiently 

wide  limits.  In 

t he 

majority  of 

cases. 

it  is 

possible  to 

accept  1,2. 

Page  235. 

It  is  necessary  to  note  that  the  virtually  actual 
value  of  the  safety  factor  on  spill  current,  as  is  evident 
from  Pig.  5-1a,  approximately  in  50o/o  of  relay  of  this 
party/batch,  will  be  to  15-30o/o  more,  but  in  90o/o  of 
relay  to  10-15o/o  more  value  * 

Production  tolerance  for  the  value  of  winding  impedance 
of  relay  under  normal  conditions  (♦20°C)  usually  does  not 
exceed  ^_10o/o,  tolerance  for  winding  impedance  from  very 
fire/thin  wires  (0.03-0.09  mm)  is  frequently 
establish/installed  equal  to  t_l  5o/o.  With  tolerance  for 


DOC  = 700  12h  1 2 


PAGE 


**  &-5 


winding  impedance  ♦ lOo/o  value  «£  1,1. 

The  value  of  coefficient  can  be  determined  from 

fornula  ( c»—  1 3)  # namely: 

k.  = 1 -fa(8  — 8.)=  1 g * ) j.  ♦ /c7, 

, t i -t-  2M5  + ^ _ i + __t  (5-7) 

where  9 - average  temperature  excess  of  the  winding  of  the 

relay  above  the  normal  temperature  of  surrounding  air  e„  = 
20°C. 

With  ambient  temperature  of  ♦85°C  and  the  overheating 
of  the  winding  of  the  relay  above  this  temperature,  equal 

to  _ 35°C,  value  9 = 100°C  and  the  value  of  coefficient 

*.  = 1,394.) 

(*•»  this  case  the  great  value  of  the  working  coefficient  of 
the  reserve  of  relay  on  stress  will  be  equal  to: 


K = 12  M 1.394 
“ 0^ 


2,04. 


If  relay  works  under  stationary  conditions  at 
temperature  of  ♦85°C,  then,  by  set/assuming  k,  = 1,  we  will 
obtain  great  value  Ku  = 1,7. 


for  current  relay,  the  value  of  the  working  safety 
factor  on  the  current  (ampere- turns)  of  function  K|  depends 
on  a possible  increase  in  the  spill  current  as  a result 
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of  changes  in  the  adjustment,  effect  of  uniform 
accelerations  and  impacts,  and  also  a temperature  decrease 
and  increase  in  the  humidity.  Under  the  influence  of 
vibration  overloadings  and  the  increase  in  the  temperature, 
the  spill  current  of  relay  decreases  (§  12-1  and  12-3). 

With  respect  to  the  minimum  possible  value  of  circuital 
current  of  relay,  value  K,  must  te  not  less  than  1.2-1. 3. 

In  many  instances  is  sufficient  to  accept  Kt  = 1.2,  since 

the  virtually  actual  value  of  the  safety  factor  on  current 
in  90o/o  of  relay  will  be  to  10-15o/o  mere.  If  necessary 
of  providing  maximum  possible  speed  of  response  of  relay, 
the  value  of  the  actual  safety  factor  on  spill  current 

must  be  within  the  limits  approximately  from  1.5  to  1.8. 


The  working  safety  factors  with  respect  to  the 
certified/rating  values  of  ampere-turns  for  the  relay, 
working  in  telephone  circuits,  must  be  not  less:  a)  during 


function  - 1.6; 

release/tempering 


b)  during  retention  - 1.3;  h)  with 

1.4  and  d)  failure  - 1.3. 


Page  236. 
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5-3.  Tabulae  method  ot  determining  the  ampere-turns. 


The  simplest  method  of  determining  the  ampere-turns  of 

the  function  of  release/tom pering,  retention  ani  failure  of 

standard  relays,  loaded  by  different  contact  groups,  is 
tabular  method. 

The  tables  of  ampere-turns  are  composed  exper imenta 1 1 y 
on  the  basis  of  the  measurements  of  a large  quantity  of 
specimen/samples  of  the  relays,  loaded  by  difterent  contact 
groups. 

Measurements  are  conducted  by  the  different  nominal 

values  of  the  drift  of  armature  and  he ight/altit ude  of 

pi  ug  s. 


The  am pere-t urns  of  the  function  cf  relay  are 
determined  at  the  moment  of  the  complete  attraction  of 
armature. 


Ampere-turns 

ot 

t ho 

failure  of  fixing  at 

the 

moment  of 

the  disa ppearance 

of 

t he 

gap  between  armature 

and 

the 

driving  plugs  of 

contact 

groups. 
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The  an pere-t urns  of  retention  are  determined  into  that 
torque/aoment,  when  armature  begins  to  aove.  The  obtained 
ampere-turns  increase  by  So/o. 

The  ampere-turns  of  release/temperiny  are  counted  off  at 
the  onset  of  a gap  between  armature  and  the  driving/moving 
plug  of  contact  groups. 

In  tables  usually  they  are  brought  mean  values  of 
aapere-turns  taking  into  account  production  tolerances. 


Principle 

of  the  construction 

of 

table 

for  determination 

of 

the  ampere- 

•turns  of  relay  of 

t he 

type 

RPN. 

Table  for  determining  the  ampere-turns  of  function. 


fa ilure. 

re  tentio  n 

and 

release/tempering  of  relay 

of 

the 

type  HPN 

contains 

all 

the  possible  combinations 

for 

IS 

fundamental  contact  groups;  the  number  of  combinations  of 
these  groups  (packets)  is  egual 


to  8 1 J 


v-  ” 
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A relay  or  the  type  rpn  can  have  three  different 
courses  of  armat ure  and  four  different  nonmagnetic  antistick 
strips;  therefore  table  contains  a total  of  4732  different 
combinations  of  contact  groups  with  different  courses  of 
armature  and  different  nonmagnetic  antistick  strips. 

The  principle  of  the  construction  of  table  for 
determining  the  ampere-turns  of  relay  cf  the  type  RPN  is 
shewn  on  table  5-1,  where  is  given  the  small  part  of  this 
table  - only  for  relay  with  one,  two  and  three  groups  for 
closing/shorting  (group  a). 

Complete  table  for  determining  the  ampere-turns  of  relay 
of  the  type  RPN  is  not  given,  since  it  is  very  great 
(Table  it  contains  4732  rows).  Furthermore,  it  for  the 
ampere-turns  of  release/tempering  and  retention  frequently 
gives  insufficiently  accurate  results. 

the  presence  in  the  table  of  the  separate  values  of 
the  ampere-turns  of  function  for  improved  steel  also  cannot 
be  justified,  since  the  effect  of  the  permeability  of  steel 
on  the  ampere-turns  of  function  is  considerably  less  than 
the  effect  of  an  inaccuracy  in  the  production  of  parts, 
assembly  and  adjustment  cf  relay. 


1 
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Pages 

2 37 

and 

2 38. 

Table 

5-1. 

Table  for  determination 

relay 

of 
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Key:  (1).  Course  of  armature,  mm.  (2).  Nonmagnetic  antistick 

strip,  mm.  (1).  Designation  of  the  first  contract  group. 

(4).  Ampere-turns  of  function.  (5).  ampere-turns  of  failure. 

(6).  Ampere-turns  of  retention  after  preliminary  magnetic 
biasing  by  the  ampere-turns,  equal.  (7).  Ampere-turns  of 

release/tempering  after  preliminary  magnetic  biasing  by  the 
ampere  turns,  equal.  (8).  Designation  of  contact  groups. 

(9).  the  second.  (10).  by  the  third.  (11).  Normal  relay. 

(12).  Belays  of  the  increased  accuracy. 


Pages  239  amd  240. 


The  ampere-turns  of  new  contact  groups  (No  95,  103, 

105,  106  and  107)  cannot  be  determined  with  the  aid  of 

this  table. 


Therefore  for  determining  the  ampere-turns  of  relay  of 
the  type  RPN,  it  is  better  to  use  the  method  of 
equivalent  loads  which  will  be  examined  below. 
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b)  Table  for  determining  the  ampere-turns  of  relay  of  type  RKM-1. 

For  determining  the  ampere-turns  ot  function, 
release/tempering,  retention  and  failure  of  relay  of  type 
rkm-1  table  5-2  and  5-3  gives  the  appropriate  values  of 
ampere-turns  at  the  load  of  relay  by  different  contact 
groups,  the  course  of  armature  1.  1 mm  and  the 
height/altitude  of  plugs  0.1  and  0.2  mm. 

These  tables  contain  ampere- turns  tor  37  contact  packets 
which  are  manufactured  at  present. 


<L-)  Table  for  determining  the  ampere-turns  of  relay  of  the 
type  RES14. 


Table  5-4  gives  the 
function. 


tentative  values  of  the 
failure,  retention  and 

for  a new  relay 


ampere-turns  of 
release/tempering 
type  RES  1 4. 


with  some 


loads 


of  the 
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From  foregoing  it  follows  that  the  tabular  calculation 

method,  being  simplest  with  a small  quantity  of  contact 
packets,  it  becomes  very  bulky  with  a larye  quantity  of 
fundamental  contact  qroups.  Therefore  recently  for  the 
calculation  of  the  ampete-turns  of  standard  relays  widest 
use  received  the  graphic  calculation  methods. 
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Key:  (1).  Designation  of  contact  groups.  (2).  Plug  0.1  an. 

(3).  Plug  0.2  mm.  (4).  Function.  (5).  Release/teapering. 

(6).  Retention.  (7).  Failure. 
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Table  5-4.  Table  for  determining  the  aspere-turns  of  re! 
of  type  RES  [^reticuloendothelial  system  ]- 14. 
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Key:  (1) 

groups. 


( J) 


Number  of 
. Nonmagne 


packet, 
tic  ant 


(2)  . 

istick 


Designation  of  contact 
strip.  (4).  Function. 


Belease/temperin  j.  (6).  Retention-  (7)-  Failure. 
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5-^.  Calculation  of  the  ampere-turns  of  function  and 
failure  by  the  method  of  equivalent  loads. 

The  dependence  between  the  attracting  force  of  the 
armature  of  relay  and  ampere  turns  with  nominal  clearance 
is  expressed,  as  is  known,  by  full-load  saturation  curve. 
However,  the  load,  created  by  contact  groups,  is  variable, 
it  changes  with  a decrease  in  the  clearance  in  the  process 


cf 

the  armature  travel  of 

relay. 

Therefore 

for 

determini ng 

the 

ampere  turns  of  the 

function 

cf  relay 

with 

the 

a id  of 

full 

-load  saturat ion  curve. 

it  is 

necessat  y 

the 

rea  1 

varying 

load 

of  the  armature  of 

relay  to 

r epiace 

with 

the 

equivalent  constant  load  for  overcoming  of  which  are 
required  the  ampere-turns,  equal  to  the  ampere-turns  of  the 
function  of  relay. 

For  deter  min inq  the  equivalent  loads  cf  any  contact 
qroup,  it  is  necessary  to  measure  the  average  ampere-turns 
of  function  and  failure  of  a larqe  quantity  of  faultless 
thoroughly  controlled  relays.  Measurements  must  be  conducted 
by  the  different  nominal  values  of  the  course  of  armature 
and  heiqht/alt itude  of  plugs.  Then  from  full-load  saturation 
curves  for  different.  clearances  are  determined  the  loads  in 
grams,  which  correspond  to  these  average  ampere-turns.  The 
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average  values  of  the  obtained  loads  are  accepted 
respectively  as  the  equivalent  loads  o£  function  and  failure 
for  this  contact  group. 


su)  Calculation  of  the  ampere-turns  of  relay  of  the  type 
BPN. 


The  contact  packets  of  relay  of  the  type  R PM  are 
collect/built  of  one,  twc  or  three  fundamental  contact 
groups  whose  quantity  achieved  at  present  22  (contact  groups 
No  95,  10J,  105,  106  and  107  were  developed  recently  and 

narrower  were  familiar  in  production)  - 

For  each  fundamental  contact  group  experimentally 
determined  the  equivalent  loads  of  function  and  failure.  The 
equivalent  loads  of  function  depend  on  clearance  (course  of 
armature  and  thickness  of  nonmagnetic  antistick  strip).  The 
equivalent  loads  of  failure  can  be  considered  not  depending 
on  the  value  of  clearance. 

Table  5-5  gives  the  equivalent  leads  of  function  and 
failure  for  22  basic  groups  of  relay  of  the  type  RPN. 
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The  curves  of  the  dependences  of  attracting  force  on 
ampere-turns  for  relay  of  the  type  RPN  with  different 
clearances  are  given  in  Fig.  5-2. 

For  determining  the  ampere-turns  of  function  or  failure 
of  relay,  it  is  necessary  from  table  5-5  to  find  the 
equivalent  loads,  which  correspond  to  the  basic  groups  of 
the  contact  packet  of  relay. 
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244. 

Table 

5-5. 
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Key:  (1).  Contact  groups.  (2).  Equivalent  loads.  (3).  Number 

of  drawing.  (4).  Designation  of  group.  (5).  old.  (6).  new. 
(7).  Circuit.  (8).  Functions.  (8).  Failures. 

Fage  24  5. 


Store/adding  up 

the  equivalent  loads  of  all 

basic 

gi  ou  ps , 

we 

find  the 

co mm on/ gen era 1/tota 1 

eguiva lent 

load 

of  relay 

Fr  cm 

full-load 

saturation  curve  for  this  clearance 

through 

the 

value  of 

common/genor al/tot  al 

equivalent 

load. 

we  find 

the 

amper e-turn 

s of  the  function 

of  this  relay. 

Th  ese 

ampere- turns  of 

function  can  be 

written  in 

the  c 

er tificate 

of 

relay  (without  reserve),  since 

egu ivalent 

loads 

table  5 

gives  taking  into  account  production  tolerances. 

b ) Calculation  of  the  ampere-turns  of  relay  type  KN. 


All  the  contact  groups  of  relay  of  the  type  RKN  are 
comprised  of  four  simplest  f undamenta 1 contact  cell/elements: 
a)  closing/shorting,  b)  interrupting,  c)  switching  with 
interrupting  before  closing/shorting  and  d)  switching  with 
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clcsing/shor ting  before  interrupting.  To  each  fundamental 
contact  cell/element  of  group  corresponds  the  equivalent  load 
in  grains  whose  value  depends  on  the  height/altitude  of  the 
plug  of  armature  and  totai  quantity  of  contact  cell/elements 
net  of  relay. 


The  equivalent  loads  of  function  and  failure  for  the 
fundamental  contact  ce  1 1/e le ment s of  relay  of  the  type  RKN 
at  the  different  height/altitude  of  plugs  are  given  in 

fable  5-6. 


0 50  m 150  200  000  too  500  SCO  WOCOOai^) 

Fig.  5-2.  Curved  for  determining  ampere-turns  of  function 


and  failure  of  relay  of  type  HPN . 


Key:  (1).  Clearance.  (2).  g.  (3).  AV. 


DOC  = 780  1241 2 


PAGE 


Pages  246  and  247. 


Table  5-6.  Equivalent  loads  for  relay  of  the  type  PKN  (in 
grans)  . 
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Key:  (1).  Failure.  (2).  Function.  (3).  Day  lHry.  (4). 

Number  of  contact  ce 11/elements  on  relay.  (5).  Interrupting. 
(6).  Closing/shorting.  (7).  Switching.  (8).  Height/altitude  of 
plug.  (9).  Simple.  (10).  Transient. 
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type6RKN7'  C°ntact  groups  of  the  relay  of  the 


Key:  (1).  Numbers  of  contact  groups.  (2).  Quantity  of 

fundamental  contact  cell/elements.  (3).  Closing/shorting.  (4). 
Interrupting.  (r>)  . Switching.  (6).  simple.  (7).  transient. 
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Table  5-8.  Equivalent  loads  of  function  for 

relay  of  the  type  RKMP  (In  grams). 
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30 

50 
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50 

51 

52 

53 

21 

24 

26 

30 

50 
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52 

Key:  (1),  Number  of  contact  cell/eleraeuts  not  of  relay. 

(2).  Interrupting.  ( 1)  . Closing/shorting.  (4).  Switching.  (S) 

He  ight/alt it ude  of  plug.  (fa).  Core  with  the  pole  piece. 

(7).  core  without  the  pole  piece. 
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The  curves  of  the  dependences  of  attracting  force  on 
ampere-turns  for  a normal  relay  of  the  type  RKN  with 
clearances  0.7;  0.9;  1.0;  1.1;  1.2  and  1.3  mm  are  given 

in  Fig-  S.  J. 
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For  the  calculation  of  the  ampere-turns  of  function  or 
failure,  it  is  necessary  to  determine  first  from  table  5-7 
types  and  the  total  number  of  fundamental  contact 
cell/elements  of  relay,  then  from  table  5-6  to  find  the 
appropriate  values  of  equivalent  loads  at  this 
height/altitude  of  plug  for  each  cell/element  individually. 
Store/adding  up  the  equivalent  loads  of  all  cell/el emen ts  of 
relay  and  multiplying  result  for  the  safety  factor  on 
attracting  force  (or  Dale  him  to  the  safety  factor  to 
failure),  we  obtain  the  common/general/total  equivalent  load 
of  relay. 
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value  o£  the  obtained  load  we  find  the  ampere-turn s, 
necessary  for  operational  provisions  of  relay  with  the 
assigned  safety  factor. 

c)  Calculation  of  the  ampere-turns  of  relay  of  the  type 

RKHP. 


For  the  calculation  of  the  ampere-turns  of  function 
table  5-8  gives  equivalent  loads  for  the  fundamental  contact 
cell/eleme nts  of  relay  of  the  type  RKMP  at  the  different 
values  of  the  height/altitude  of  the  plug  of  loosening. 

'flie  common/general/tota  1 equivalent  load  of  relay  we 
find,  store/adding  up  equivalent  leads  for  all  contact 
cell/elements  of  this  relay.  From  curves  for  determining  the 


am pere-t ur ns  of  the 

function 

of  relays 

of 

the  type 

RK  HP 

given  in  Fig.  5-4, 

from  the 

value  of 

t he 

obtained 

load 

find  ampere-turns  necessary  for  the  function  of  relay.  The 
obtained  am pere-t urns  must  be  multiplied  ty  that 
corresponding  to  the  value  of  the  certified/rating  safety 

factor. 
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Fig.  5-4.  Curved  for  determining  ampere-turns  of  function 
relays  of  type  RKHP. 

Key:  (1)  g;  (2)  AV. 


Page  250. 


cL)  Calculation  of  the  ampere-turns  of  relay  of  the  type 
RS-13. 


The  contact  groups  of  relay  of  the  type  RS-13  are 
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comprised  from  throe  of  the  fundamental  contact 
cell/elements;  a)  clos i ng/shorti nq , b)  interrupting  and  c) 
snitching.  Furthermore,  to  the  armature  of  relay  of  the 
type  RS-1J  is  always  applied  the  supplementary  constant 
load,  created  by  powerful  return  spring  (ty  that  preventing 
the  fluctuations  of  armature  during  vibration). 


For 

the 

calculation  of 

the  arapeie-turns 

of  the 

function 

re  lay 

of 

the  type  KS- 1 3 

w it  h dif ter ent 

cont  act 

1 oa  ds 

table  5-9  gives  the  equivalent  loads  of  function  for  the 
return  spring  of  armature  and  three  cr  fundamental  contact 
cell/elements  with  the  different  number  of  these 
cell/elements  on  relay. 


Curved  for  determining  the  ampere-turns  of  function 
relays  of  the  type  PS- 1 3 with  different  cores  at  the 
he igh t/ait it ude  of  the  plugs  of  loosening  0.1  and  0. 2.  mm 
are  shown  in  Fig-  5-5. 


The  equivalent  loads,  given  table  5-9,  gives  without 
taking  into  account  of  production  tolerances;  therefore  the 
ampere-turns,  found  with  the  aid  of  this  table,  must  be 
multiplied  by  the  appropriate  safety  factors.  The  safety 
factor  on  ampere- turns  for  a production  certificate  is  equal 
to  1.12  and  for  operating  1.22. 
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-5. 

curved  for  determining  ampere- 

turns 

of 

f u nction 

of 

type  Rs-13.  1 - without  the 

pole 

piece 

«,  = 0.  1 

- 

the  same  60  = 0.2 

mm ; 3 

with 

the 

pole  piece 

0.  1 

mm;  4 - the  same 

60  = 0.2 

mm. 

(1)  gj  (2)  AV. 
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Table  5-9.  Equivalent  loads  of  function  fcr  relay 
type  RS-1J  (in  grams)  . 


(s)  VMCJIO 
KOHTaKTHUX 
&neucuTOB  Ha  peru 

1 Kmimmmmm 

MM 

T HOJlMe 

Kaime 

K.HOHCMIC 

m*n  opr- 

Mill 

HHOpH 
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37 

44 

48 

95 

•» 

40 

50 

54 

95 

43 

56 

61 

95 

4 

45 

63 

68 

95 

5 

m 

68 

74 

95 

6 

1 60 

75 

81 

95 

Key:  (1).  Number  of  contact  cell/elements  on  relay, 

Contact  cell/elements.  (3).  Closing/shorting.  (4). 
Interrupting.  (5)  i . Switching.  (6).  Return  spring  of 


fable  5-10.  Equivalent  loads  of  function  for  relay, 
type  RS-5  2 (in  grass). 


C/)Haeao 

Komunpii 

ajieneHTOB 

Hie 

Hire 

MCHH6 
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70 

100 

115 

2 

65 

70 

107 

3 

60 

68 

94,2 

4 

58 

66,5 

81,5 

5 

60 

56,2 

7* 

6 

60 

46 

i 

66,5 

Key:  (1).  Number  of  contact  cell/e  lements.  (2).  In 

(3).  Closing/shorting.  (4).  switching. 


4 


(2)  . 


armature. 


of  the 


terrupting. 


i 


A 
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Table  5-11.  Equivalent  loads  of  function  for  relay  of  the 
type  PNU  (in  graas) . 


U)*m cao  i 

KorraKTHux 
•atm  cirrus 

k«n»c 

ue 

^4^ 

hjikwcrbc 

fc/Bo»par- 
mjb  npy- 
Moma  ‘ 

MKOpfl 

50 

35 

50 
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52 

47,5 

52 

50 

• a 

45,5 

50 

45,5 

50 

4 

45,5 

50 

45,5 

50 

Key:  (1).  Number  of  contact  ce 11/ele ment s.  (2).  Interrupting 

(3).  Closing/shorting.  (4).  Switching.  (5).  Return  spring  of 


ar  mat  ure. 
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5.7. 


Fig.  5.£.  Curved  for  deteraining  aapere-turns  of  function 
relays  of  type  RS-52. 


Fig.  5.7.  Curved  for  deteraining  aapere-turns  of  function 
relays  of  type  BNU. 


CaB-  JV;  r * cjj 
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5.5.  Calcu 
re  lease/ tea  peeing. 

I 

The  value  of  the  aapere-turns  of  retention  anl 
re lease/tea per ing  depends  on  the  load  of  relay  and  * 

height/altitude  of  plate  or  plug  of  loosening.  These 
aapere-turns  can  he  found  froa  the  appropriate  tables  or 
the  curves  of  retention  (release/teaper  in  g)  for  this  type  of 


relay. 

The  load  of  retention. 

created 

by 

any  contact 

group. 

easily 

can  be  neasured,  since 

it  is 

the 

pressure  of 

this 

group  on  the  araature,  ahen  the  latter  is  coapletely 
pullled  to  core  (naxinun  pressure  of  group).  Therefore  the 
load  of  the  retention  of  each  contact  cell/eleaent  does  not 
depend  on  the  height/altitude  of  the  plug  of  loosening  and 
nuaber  of  cell/eleaents  on  relay.  The  load  of 
release/tenpering  is  noninally  equal  to  the  load  of 
retention,  but  for  providing  the  reliable  interrupting  (or 
closing/shorting)  of  the  contacts  of  relay  at 

release/tenpering,  the  value  of  the  load  of  release/ten pering 
is  accepted  a little  less. 
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a)  the  calculation  of  the  aapere-turns  of  relay  of  the 
type  BPN. 

For  the  calculation  of  the  aapere-turns  of  retention  j 

and  relea se/teaper ing  of  relay  of  the  type  RPN  fable  5.12 
gives  the  loads  of  retention  and  release/teapering  for  the 
fundaaental  contact  groups  of  this  relay*  obtained  l 


experlae  nt  ally. 

These  loads 

do 

not 

in 

practice 

depend 

on 

the  course 

of  araature  and 

quantity 

of 

contact 

groups 

in 

packet. 

Table  gives 

the 

average 

values 

of  the 

loads  of 

retention  and  release/teapering  taking  into  account  production 
tole ranees. 


The  curves  of  the  dependences  of  the  aapere-turns  of 


retention 

on 

the  load  of  araature 

with 

the 

differs  nt 

thickness 

Of 

nonaagnetic  antistick 

st  rips 

for 

relay  of  the 

type  RPN 

are 

shown  in  Fig.  5.8. 
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Pig.  5.8.  curved  for  determining  aapere-turns  of 
release/teapering  and  retention  of  relay  of  type  RPN. 

Key:  (1).  Nonmagnetic  antistick  strip. 


Pig.  5.9.  Curved  for  determining  aapere-turns  of 
release/teapering  and  retention  of  relay  of  type  BKN. 


6 •-  m-,  r --  3 pi 
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b)  the  calculation  of  the  ampere-turns  of  relay  of  the 

type  RKH. 

The  loads  of  retention  and  release/tenpering  for  four 

fundaaental  contact  cell/elenents  of  relay  of  the  type  RUN 
during  the  nornal  adjustment  of  the  latter  are  given  in 

Table  5.13. 

The  curves  of  the  dependences  of  the  ampere-turns  of 
retention  {release/tempering)  on  load  at  the  different 
height/altitude  of  plugs  for  relay  of  the  type  RKR  are 

given  in  Fig.  5.9. 

c)  the  calculation  of  the  ampere-turns  of  the  relay  of 
types  RKHP,  RS-52,  8HU  and  RES14. 

Table  5.14  gives  the  loads  of  release/temPering  for 
four  fundamental  contact  cell/elements  of  the  relay  of  types 
RKHP,  RS-52,  RHO  and  RES  14- 

The  curved  for  determining  the  ampere— turns  of 
release/tempering  relays  of  the  first  three  types  ate 
in  Fig.  5.10,  5-11  and  5.12. 


give  n 
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The  aapere-turns  of  release/teaper ing,  obtained  with  the 
aid  of  these  curves,  aust  be  divided  into  the  appropriate 
value  of  the  certified/rating  value  of  the  safety  factor 
(1.5-1. 7 for  relay  of  the  type  RKMP  even  2. 0-2.5  for  the 

relay  of  tkt  typos  IS-52  and  180). 

Table  5.13.  Loads  of  retention  and  rolsase/tsspsriag  for 
relay  of  tbs  typo  Hi  fla  grass) . 


3.1MMNT  / . \ ' 

+yKKHM*^’  J | 

PnnnudKi- 

opocm^fj  ■wpciojaa^/ 

yflepw«H»eC’? 

OTnycK»B««v' 

m 

39 

119 

36 

167 

58 

125 

37 

Key:  (1).  Cell/eleaent  is  function.  C2| . Interrupting.  (3). 

Closiog/shorting.  (4).  Switching.  (5).  siaple.  (6).  transient. 
(7).  Retention.  (8).  Release/teaper  ing. 


fable  5.14.  Loads  of  release/teaper ing  for  the  relay  of 
types  IMP,  IS-52,  IRO  and  IKS14  (in  grans). 


(?)  Tan  paw 

PKMO 

PC-M 

MfV 

MOU 

PnaaMstf’ 
Ruoutin  0V> 
nipwwwm 
BomptnM  up wt 
■mi  utopa 

77 

77 

ioe 

70 

72 

98 

30 

80 

73 

100 

80 

25 

25 

120 

Roy:  (1).  Type  of  relay.  (2).  Contact  cell/elenents.  (3). 

interrupting.  (4).  Closing/shorting.  (5).  switching.  (5). 
let urn  spring  of  arnatsre. 
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d)  the  calculation  of  the  aapere-turns  of  relay  of  the 
type  RS-13. 

The  loads  of  release/teapering  for  the  return  spring  of 
araature  and  three  fundaaental  contact  cell/aleaents  of  relay 
of  the  type  HS-13  depending  on  the  nuaber  of  contact 


call/eleaents 

on  relay 

are  given 

in 

Table 

5.  15. 

The  curves  of  the 

dependences 

of 

the 

aapere-turns  of 

retention  on 

the  load 

of  araature 

at 

the 

height/altitude  of 

plugs  0.1  and  0.2  aa  for  relay  of  the  type  BS-13  with 
different  cores  are  given  in  Pig.  5.13. 
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Table  5.15.  Loads  of  re lease/tea per  in g for  relay  of  the 


type  BS-1 3 (in  grans). 


Hmchu 

KOHTAKTHUX 

ajteme/tTOB 

h* 

KooTaxTHue  ajK«e«Tu(0 

Bosbprt- 
uii  npjr- 

xnu 

T‘> 

3 a mu  k a- 

"h> 

Pimx 

nepei&aao- 

T 5> 

1 

78 

52 

119 

60 

2 

79 

59 

120 

60 

3 

80 

66 

121 

60 

4 

81 

73 

123 

60 

5 

82 

78 

124 

60 

6 

83 

83 

125 

60 

Key:  (1).  Contact  cell/elenents.  (2)„  Kunber  of  contact 

cell/elenents  on  relay.  (3).  Closing/shorting.  (4). 
Interrupting.  (5).  Switching.  (6).  Return  spring  of  armature. 


Pig.  5.13.  Curved  for  deteraining  anpere-turns  of 
release/tenpering  and  retention  of  relay  cf  type  RS-13.  1 
without  pole  piece;  2 - with  the  pole  piece. 

Key:  (1)  Plug.  L' c<- 8 * 
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(The  aapere-t  urns  of  release/teaper  ing#  obtained  with  the 
aid  of  these  curves,  nust  be  divided  into  the  safety 
factor,  egual  for  production  certificate  1^4  and  for 
operating  1.6. 


5.6.  Bran  pie. 


Let  us  deteraine  the  aapere-turns  of  function,  failure, 
retention  and  release/teaper ing  for  a relay  of  the  type 
BKN,  loaded  by  two  contact  groups,  which  contain  one 
contact  cell/eleaent  - closing/shorting,  two  cell/elenents  - 
sinple  switchings  even  one  cell/eleaent  - interrupting, 
hdjustaent  of  relay  noraal,  the  course  of  araature  0.8  aa 
the  height/altitude  of  the  plug  of  loosening  0.3  aa. 

The  total  nuaber  of  contact  cell/eleaents  on  relay  is 


four 
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Proa  table  5-6  we  find  for  a plug  0-3  ■■  the 
appropriate  equivalent  loads  and  store/add  up  then  separately 
for  each  function: 

for  the  function 

A;»38  + 2 - 54  + 54  = 200  g, 

for  the  failure 

F.-8+2  21  +21  = 71  g, 

Fron  the  curves  of  attraction  for  clearance  0.8  ♦ 0.3 
= 1.1  an  (Fig-  5.3)  *e  find  the  appropriate 

certified/rating  aapere-turns:  for  function  200  and  failure 

119  AV. 

Froa  table  5.13  «e  find  the  appropriate  loads: 

for  the  retention 

Fy  = 119  + 2167  + ln -584  3> 

for  the  rel ease/teaper ing 

F0«36  + 2 58+39  = 181  g- 

On  the  curves  of  retention  (Fig*  5.9)  for  a plug  0.3 
an  w«  find  the  certified/rat ing  aapere-turns:  for  retention 
112  and  release/tenpering  58  AV. 
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Chapter  Six. 


CALCULATION  OF  THE  BINDINGS  OF  RELAYS. 

6.  1.  Turn  nuaber  and  winding  impedance. 


The  calculation  of  the  winding  of  relay  consists  in 

the  deter aination  of  the  turn  number,  diameter  of  wire  and 
resistor/resistance  depending  on  the  structural/design 
size/diaensions  of  coil. 

In  the  ideal  case  the  wire  on  coil  can  be  packed  by 
correct  parallel  series  (turn  to  turn) ; however  with  snail 

diaaeters  and  especially  with  manual  winding/coil  wire  lies 
down  by  uneven  and  loose  layers.  Bith  the  uneven  ^wild") 
vLndiag/coil  between  turns,  there  are  clearances  and 
therefore  on  coil  is  placed  less  turns  than  with  series 

winding/ coil. 

the  total  sectional  area  of  copper  of  winding  due  to 
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For  the  wire  of 


round  cross-section  duty 

? =f 


'km  • /k„ 


factor 

(6-2) 


where  d,  is  a wire  dianeter  with  insulation  and 


k are  the  coefficient,  which  considers  the  inequality 
H 

of  laying  (quality  of  winding/coil). 

Coefficient  kr  depends  on  the  dianeter  of  wire  and 

qualification  of  the  winder.  With  saall  wire  dianeters 
froa  0.03  to  0.  10  in  - the  value  of  coefficient  it 

M 

changes  respectively  within  liaits  approxiaately  froa  0.8  to 

0.995. 


The  turn  nuaber  of  the  winding  of  relay  can  be 
expressed  by  the  following  foraula: 

U = u’c  l h , C ■ $) 

where  w„  - the  turn  nuaber,  which  is  necessary  on  1 an2 
of  the  section  of  the  window  of  coil.  Value  w0  depends  on 
the  diaaeter  of  wire  and  duty  factor.  Free  foraula s (b. 1)  , 
(6.2)  and  (6.3)  we  find: 

**  J (6-4) 

Minding  iapedance  of  rslay  in  general 


fora 


'~3T7 
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where  L,  is  length  of  wire  in  a, 

s - section  in  an*  and 

P - the  resistivity  of  the  aateriai  of  wire  in 

Q*  aa*/a. 

For  a coil  with  the  core  of  round  cross-section  (Fig. 
6.1a)  the  length  of  wire  can  be  calculated  by  the 
following  foraula: 

=wx(D,  f A)  10-* 

where  D 0 - an  inaer  diaaeter  of  aindiag  in  si. 

Substituting  in  foraula  (6.5)  instead  of  Lj  and  s of 
their  value,  we  find: 

r = J w (f),  + A) . 10  * = J a*  • 10  »/A(Z>,  + A). 


r 
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fig.  6.1.  Outlines  of  coil  forns:  a)  with  circular  core; 
b}  with  flat/plane  core;  c)  by  rectangular  cross  section  of 


core. 
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Let  us  designate: 

jp  ■ 10*  = go- 
tten winding  iapedance  of  relay  with  circular  core  will  be 

expressed  as  follows: 

r = calh  (D„  + k).  (6-6) 

Substituting  in  expression  for  ca  instead  of  w0  its 
value.  we  will  obtain: 


4p*„  t0‘*  0,7*.  • 10- « 

* S*rfj  ’ 


1 
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. , l/  0,7*_  • 10^* 

ddi 5=5  V ^ ■ (6-7) 

Tke  weight  of  copper  of  winding  without  taking  into  account 
of  the  weight  of  insolation  will  be,  is  obvious: 

Qh=  Vy-10  » = n/h(D,+A)*lY.10  V (6-8) 

nhere  V - space  of  copper  in  ns*  and  y - the  specific 
gravity/ve ight  of  copper  (y  = 8.9  g/ca3)  . 


Binding  inpedance  of  relay  nith  flat/plane  core  (Fig. 


6.  1b) 

is  equal  to: 

r = c*lh  (a  -f  h)  + *]  - ejth  + k). 

(6-9) 

For  a 

coil 

vith  the  rectangular  cross  section 

of  core 

(Pig. 

6.1c) 

r = cjh±  +k)  = cjk(a  + A + 2k), 

(6-10) 

uhere 

a is 

width  of  coil  fora  and  b — 

its 

thickness. 

Pron  the  given  foraulas  it  folloHs  that  nith  the  egual 
sections  of  core  snail  resistor/resistance  Hill  have  the 
vindieg  of  relay  with  circular  core. 


6*2.  Dependence  of  vinding  inpedance  on  turn  nuaber. 
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Let  us  multiply  nuierator  and  the  denominator  of  the 
first  part  of  aquation  (6.6)  by  w;  we  obtain: 

r “ *3^  + + *)»•.  (6-11). 

During  snail  changes  in  the  wire  diameter,  the  duty 
factor  is  changed  insignificantly;  therefore  with 
constant/invariable  winding  space  (by  replacing  one  wire  of 
another,  differing  little  in  diameter)  it  is  possible  to 

I 

consider  winding  iapedance  proportional  to  the  square  of 
turn  nuaber,  i.e.,  „ . 

r.C«a, 

where  C is  the  averaged  resistor/resistance  of  one  turn  in 
the  oh as: 

c=?THr  (*>.+*)•  (6_13) 
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Let  us  find  expression  for  the  height/altitude  of  the 
winding  of  relay  depending  on  its  resistor/resistance  and 
turn  nuabers.  Let  us  rewrite  equation  (6.11)  in  the 
following  fora: 

— » + * ^ 'Ik,  ■ |Q» 

* Jlp  ir*  • 

Proa  last/latter  expression  we  find  foraula  for  deteraining 

j 

the  height/altitude  of  winding/coil,  if  are  assigned  turn 


nuaber  and  winding  impedance: 
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By  the  value  of  the  duty  factor  k,  during  precomputation 
it  is  necessary  to  be  given  tentatively  and  then  to  more 
precisely  formulate  its  method  successive  more  precisely 
formulating  of. 

In  the  case  when  are  assigned  winding  impedance  and 
the  wire  diameter,  the  height/altitude  of  winding  can  be 
found  from  equation  (6.6): 


H = ~ + V'faiP.y*  + iejr 

2*.1 


(6-15) 


6.3.  Double  wound  and  triple-wound  coils. 


Turn  number  and  the  resistor/resistance  of  the  first 
winding  of  relay  are  determined  from  known  formulas  (6.3) 
and  (6.7)  ; we  have: 


w>,  = »„/*,  and 


l 

1 


1 


5 
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-here  h,  and  D.»  - height/altitude  and  the  inner  dianeter 

of  the  first  vinding  of  relay. 

Turn  nunber  and  the  resistor/resistance  of  the  second 
einding  of  relay  are  calculated  in  a sieilar  aanner: 

and  = + 

The  inner  dianeter  of  the  second  winding,  obviously,  will 
be: 

flH  = f)#I  + 2A1  + 2A,  (6-16) 

ehere  A is  thickness  of  the  insnlntion  between  windings. 

Turn  nunber  and  the  resistor/resistance  of  the  third 
winding  are  respectively  equal  to: 

wt  = and 

where 

“ #•»  -f  2A,  -(-  2A.  (6-17)  ^ 

The  overall  height  of  all  three  windings  nust  be  not  .ore 
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than  the  useful  height/altitude  of  the  winding  space  of 
coll. 

Page  263. 

6.4.  Coabined  windings. 


If  ace  assigned  turn  nuaber  and  winding  iapedance,  then 
frequently  consecutively  with  the  winding  of  relay  it  is 
necessary  to  involve  supplement  ary  resistor/resistance. 

Por  a decrease  in  the  expenditure  of  wire  instead  of 
the  separate  supplementary  resistor/resistance*  the  part  of 
the  turns  of  the  winding  of  relay  is  coiled  from' 

constantan  wire  so  that  the  total  quantity  of  turns  and  a 

< 

total  resistance  of  winding  would  correspond  to  the  assigned 
conditions.  Let  us  designate  turn  nuaber  and  the 
resistor/resistance  of  inducing  winding,  wound  fron  red 
copper  wire,  through  w,  and  r1#  but  turn  number  and  the 
resistor/resistance  of  supplementary  winding  fron  the 
constantan  wire  by  w2  and  r2 : 


then 
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w>  =•  w»,  + w. 


(6-18) 


r “ ri  + rr  (®-19) 

The  resis to r/resi stances  of  both  wind  lags  ace  respective ly 
equal  to: 


and 


where 


(6-20) 

(6-21) 


pt  and  p2  - the  resistivity  of  the  aaterials  of  wire; 

h,  and  h2  - height/altitude  of  the  corresponding 
windings*  and 

dt  and  d2  - the  corresponding  wire  dianeters.  wire. 

Substituting  in  expression  for  r instead  cf  rt  and  r2 
their  value  froa  foraulas  (6.20)  and  (6.21)*  we  obtain: 


The  height/altitude  of  additional  winding  froa  co nstantan 
h2  is  usually  snail  in  conparison  with  (D0  ♦ h,),  and 

therefore  it  is  possible  to  write: 

C, + *,«.!)« +*h  srJ  ft  + »i+V*0.  + 2A. 


PAGE 

c/ 

diaaeter,  then,  by  substituting  for  w2  its  value  fron 

expression  (6.16),  we  will  obteia: 

r " ([(Pi  - P .)(*>.  + *i)  - P^]  + p,(D,  + 2hj) »}. 

Froa  this  we  obtain  foraula  for  deteraining  the  turn  nuwber 

of  inducing  winding  froa  the  copper  wire: 

cmw 

Page  263. 

The  height/altitude  of  inducing  winding  and  its 

re&istor/re6istance  we  deteraine  with  the  aid  of  (6.3)  and 

\ 

(6.7).  The  turn  nunber  of  the  suppleaentary  winding  w2  we 
find  froa  foraula  (6.18). 

Suppleaentary  winding  usually  has  very  snail  turn 

I 

nunber,  less  than  one  layer  (series)  ; therefore  independent 
of  turn  nunber  the  aean  dianeter  of  suppleaentary  winding 
will  be  equal  to: 

Doa  ' 5 \ -+  ^ A , ((•  *$) 

where  A is  thickness  of  the  cable  paper,  laid  between  both 

windiags,  and  d* 2 - a outside  diaaeter  of  constant  an  wire 

(with  insulation)  . 


For  the  coaputation  of  the  resistor/resistance  of 
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supplementary  winding,  fornula  (6.6)  is  inconvenient,  since 
this  winding  frequently  has  one  inconplete  layer  of  wire; 
therefore  the  resistor/resistance  of  supplenentary  winding  one 
should  calculate  according  to  the  coaaon/general/tota 1 


fornula; 

r»  — '• 

(6-24) 

The  turn 

nuaber  of  supplenentary  winding 

is 

a snail 

difference  in 

two  large  values 

and  therefore 

it 

cannot 

found  with  sufficient  accuracy. 

Therefore  the 

turn 

nuaber 

supplenentary 

winding  is  better 

to  deteraine 

fron 

(6.24)  , 

whence 

w,  _ VMO* 

(6-25) 

where  r2  is  resistor/resistance  of  the  enpplenentary  winding 
whose  value  is  deternined  froa  fornula  (6l19). 


6.5.  Selection  of  the  wire  dianeter. 


If  turn  nuaber  or  winding  iapedance  is  assigned,  then 
fron  foraulas  (6.3)  and  (6.7)  it  is  possible  to  find: 

<**- TBSTTir- 
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The  selection  of  the  required  wire  diaaeter  can  be 
produced  on  with  given  Table  6.1  and  6.2  for  the 
calculation  of  windings. 


In  these  tables  are  given  values  wc,  c0  and  k3  for 
red  copper  wire  with  enaael  and  silk  insulation  by  diaaeter 
froa  0.05  to  1.0  an  at  teaperature  of  ♦15°C.  When 
selecting  of  the  wire  diaaeter,  it  is  necessary  to  largely 
round  off  the  obtained  value  w0  or  c0  tc  the  value,  which 
corresponds  to  the  nearest  noainal  (standard)  size/d inension 
of  wire;  in  such  cases  the  actual  height/altitude  of 


winding  h*  will  not  be 

equal 

to 

h. 

The  actual 

he ight/alt itude 

of  winding 

can 

be 

calculated  with 

the  aid 

of  value  w'0. 

undertaken 

froa 

table 

with  respect 

to  the 

selected  wire 

diaaeter: 

,(  — 
h - Iwj 

7 

a 

A 
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Table  6.1a. 


Mice  of  red  copper 


with  enaael 


the  brand  pel. 


* 

MM 

<*»• 

MM 

«# 

", 

r. 

cm/m 

(1) 

^ A 

(.•*' 

Mi, 

I t/OM 

C3) 

Onot} 

I'MTejBb* 

■an  cto*- 

■OCTb 

0.02 

0.033 

1 

690  ( 

120.05 

0,218 

55.7 

1 

0.03 

0.040 

500 

38.80 

0,352 

24.7(1 

0,012 

0,00019 

34,5 

0.04 

0.050  , 

327 

14.30 

0,410 

13.93 

0.015 

0.001<« 

7,12 

0.05 

0.065 

200 

5.57 

0.390 

8.92 

0,019 

0,00209 

2.32 

0.06 

0,073 

145 

2,50 

0.420 

6,19 

0.027 

0,00429 

2.18 

0.07 

0.085 

122 

1.74 

0.468 

4,55 

0.036 

0.0079 

1.66 

0,06 

0,095 

99 

1.08 

0,497 

3.48 

0,047 

0.0134 

1.42 

0.09 

0.105 

82.2 

0.710 

0.522 

2.75 

0,059 

0,0214 

1.21 

0.10 

0.120 

69.1 

0.484 

0.543 

2,23 

0,073 

0,0327 

1,00 

0,11 

0.130 

59.0  ; 

0.342 

0.561 

1.84 

0.088 

0.0478 

0,93 

0,12 

0.140 

51.0  1 

0.248 

0,576 

1,55 

0.104 

0,0675 

0.87 

0.13 

0.150 

44,4  ! 

0,185 

0.589 

1,32 

0.122 

0,093 

0.785 

0,14 

0,160 

39.1 

0.140 

0,601 

1.14 

0,141 

0.125 

0,742 

0,15 

0.170 

1 34.5  | 

0,108 

0.611 

0.99 

0,162 

0.1638 

0.677 

0,16 

0,180 

[ 30.7  ! 

0.0839 

0,617 

0.87 

0,184 

0,212 

0.660 

0,17 

0,1 90 

1 27.4 

0,0668 

0.621 

1 0,772 

0,208 

0,269 

0,637 

0.18 

0.200 

24,5 

0,0531 

0,624 

0.688 

0,233 

0,338 

0.625 

0,19 

0.210 

22,1 

0,0430 

0,626 

0,616 

0,259 

0,419 

0,608 

*20 

0,225 

20,0 

0,0350 

0,628 

0,557 

0,287 

0.519 

0,592 

0,21 

0,235 

18,2 

0,0290 

0,630 

0,506 

0.316 

0.629 

0,573 

0,23 

0.255 

15,25 

0,0202 

0,634 

0,421 

0.378 

0,901 

0.540 

025 

0.275 

12.96 

0,0145 

0,636 

0,357 

0,446 

1.26 

0,505 

0^7 

0305 

10.76 

0,01033 

0,639 

0,310 

0,522 

1.72 

0.498 

029 

0.325 

9.46 

0,00787 

0,642 

0,265 

0,601 

2.28 

0,490 

031 

0350 

8.53 

0.00623 

0,644 

0,236 

0,689 

2,98 

0,485 

033 

0,370 

7,56 

0,00486 

0,646 

0.205 

0,780 

3,84 

0.477 

035 

0.390 

6.74 

0,00386 

0,648 

0,182 

0,876 

4,85 

0,470 

*38 

0,420 

5,73 

0,00278 

0.650 

0.154 

1,03 

6,7 

0.480 

0,41 

0,450 

4,95 

0,00206 

0,653 

0.132 

1.202 

9,4 

0,451 

044 

0.485 

4,25 

0,00154 

0,655 

0,115 

1.382 

12,1 

0,442 

0,47 

0,515 

3,77 

0.00120 

0,657 

0,101 

1.574 

15.7 

0,434 

.0,49 

0,535 

3.49 

0,001015 

0,658 

0.0926 

1.713 

18,5 

0,426 

031 

0.56 

3,23 

0,000871 

0,660 

0,086 

1.856 

21.8 

0.424 

0,55 

0,60 

2,79 

0.0CX1647 

0,663  ; 

0.074 

2.15 

26.3 

0,415 

059 

0,64 

2.44 

0.000491 

0,666 

0,0642 

2.47 

38.5 

0,406 

094 

0,09 

2.G8 

0,000356 

0,670 

0,0544 

2,91 

53.5 

0,401 

009 

0,74 

1,80 

0,000285 

0,673 

0,0470 

3,42 

72,9 

0,397 

0,74 

080 

1,57 

0,000201  1 

0,676 

0,0407] 

3,89  j 

95,6 

0,394 

090 

0.86 

1.35 

0,000148 

0,680 

0,0348 

4,49  1 

129 

0.389 

093 

0.99 

1.02 

0.0000825 

0,687 

0.0258 

6.12 

237 

0,380 

1.00 

1,07 

0.881 

i 

0,0000618 

0,692 

0,0223 

7,07 

314 

0,375 

Ke 


'f  n/»*l  . ^ /flA  m • ( V)  t<  / «/*.. 
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6.1b.  Wire  of  rod 

6$  if 

copper  with  enamel  insulation. 

■mm  nam 
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Table  6.2.  Hire  copper  of  the  brand  PELSbO. 
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Key:  (1).  Noainal  diaeeter.  (2).  Calculated  outside  diaeeter. 

(3>..  Besistor/resistance  1 ■ 


9' 


r,  oha.  (4) „ Height  1 ■ g 
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Table  6.3.  Mire  constantan  of  the  brand  PEShOK  (p  = 0.465 

Q*  ■■*/■)  . 
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0,00517 

0,509 

1.208 

3,033 

0,80 

0,93 

1,06 

0,00318 

0,533 

0,925 

4J884 

1.00 

1.14 

0,707 

0,00134 

QA55 

0,592 

8,283 

Key:  (1)«  Nominal  diameter  d,  mm.  (2).  Maximum  outside 

diameter  dw  mm.  (3).  Hesistor/resist ance  1 m r,  ohm.  (4). 
Height  1 m g,  g« 
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Table  6.4.  Size/dimensions  of  the  winding  space  of  the 
colls  of  relay. 
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Key:  (1).  Size/d inensions  of  winding.  (2).  nawe  of  relay. 

(3).  Internalizations  diameters.  (4).  Length.  (5) 
height/altitude.  (6).  Section  of  winding  space.  (7a). 
Height/altitude  of  the  jaw  of  coil.  (7b)  . oha.  (8)  . Belays 

of  the  type.  (9).  Normal.  (10).  Retarded.  (11).  Feeding. 


FOOTNOTE  *.  Diameter,  equivalent  on  the  periaeter:  a - 
10.75  an,  b = 4.3  aa. 

*.  Dianeter*  equivalent  on  periaeter:  a = 5.12  am,  b 

2. 62  aa. 


3.  Dianeter*  equivalent  on  periaeter:  a = 4.3  aa,  b = 

1.22  an. 


■.  Dianeter*  equivalent  on  periaeter:  a * 2^.7  am*  b * 

6 . 25  mm. 

5.  Diameter,  equivalent  on  perimeter:  a = 11.25  mm,  b = 4.8  mm. 
ENDFOOTNOTE. 
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Due  to  the  deviations  of  the  calculated  values  of  the 
diaaeter  of  wire  and  thickness  of  insulation  from  the 
nominal,  the  calculation  of  windings  cannot  be  very  precise. 
Normally  the  dis agreenent  between  the  actual  and  calculated 
resistor/resistance  can  reach  to  _*10o/o.  With  saall  diaaeters 
of  wire  (0.05-0.09)  no  this  disagreeaent  increases  to 
♦15o/o.  For  calculating  suppleaentar y res istor/resista nces 
fable  6.3  gives  resistor/resistance  1 a of  wire  by  diaaeter 
froa  0.03  to  1.0  an  froa  alloy  with  high  spocific 
resistor/resistance. 


6. 6.  overall  diaensions  of  the  coils  of  relay. 


For  the  calculation  of  the  windings  of  relay,  it  is 


V 1 
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necessary  to  know  the  overall  dimensions  of  coils  and  the 
value  of  the  winding  space  of  standard  relays.  Table  6.4 
gives  the  size/diaensions  of  winding  space  for  all 

fundamental  types  of  relay. 

In  this  table  for  relay  of  the  type  BPS  (in  second 

column)  corrected  values  of  the  eguivalent  on  perimeter 
inner  diameter  of  winding  D*0. 

The  windings  of  the  deferred-action  for  function  relays 

i 

of  the  type  RKN  have  length  of  0.8  mm  less  than  the 

winding  of  the  relay  of  those  who  were  retarded  for 

re le a se/ te a per i n g. 

The  useful  height/altitude  of  winding/coil  h must  be 
less  than  the  interior  height  of  the  jaw  of  coil  H on 

0.5-0.8  mm  in  order  to  ensure  the  possibility  of  the 

attachment  of  conclusion/derivations  and  external  pasting 
(seal}  of  coil.  Filling  of  the  useful  winding  space  of 
coil  with  wire  by  dianeter  to  0.10  mm  must  not  exceed 

90 o/o,  but  with  high  diameters  960/0. 
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6—7-  Insulation  of  windings. 
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The  windings  of  relay  usually  are  coiled  on 
fr amework/bodies  from  heat-resistant  plastic. 

For  an  airtight  relay  it  is  necessary  to  apply  the 
special  plastic,  which  does  not  isolate  during  heating  of 
the  organic  and  water  vapors,  which  upset  the  operation  of 
contacts.  Frame-less  windings  are  insulated  from  core  by 
film  from  teflon,  by  glass  cloth,  triacetate  film,  varnished 
insulating  cloth  or  the  lacquered  paper  by  thickness  from 


0.02  to  0.1- 

•0. 15  mm. 

Bet  ween 

windings  with 

low 

voltages. 

runs  itself 

telephone  or 

cable  paper. 

The 

wind ings 

of  the  relay  of 

alternating  current,  workers  with  stresses  220-380  V,  are 
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lay 

divided  usually  into  2-4  parts  with  separators  of 
condenser/capacitor  paper  for  the  exception/eliraination  of  the 
breakdowns  between  their  individual  parts.  From  above  winding 
they  are  usually  shielded  by  the  cable  paper  and  silk 
varnished  insulating  cloth,  or  the  lacguered  paper. 

For  the  selection  of  thickness  and  determining  a 
guantity  of  layers  of  insulation  depending  on  the  value  of 
operating  stress  table  6-5  gives  the  effective  values  of 
the  breakdown  and  worker  of  the  stresses  of  different 
insu lation. 

In  this  table  are  given  the  breakdown  voltages  of 
materials  in  as-received  condition.  After  the  ageing  of 
varnished  insulating  clothes  for  18  h at  temperature,  100°C 
breakdown  voltage  on  bend  decreases  approximately  1.5-2 
times,  while  after  extension  along  diagonal  with  effort/force 
0.4  kgf/cm*,  it  decreases  4-5  times.  The  operating  stress 
of  insulation  usually  is  accepted  10  times  of  less  initial 
breakdown  voltage. 

The  windings  of  the  relays,  working  under  conditions  of 
the  increased  humidity  and  vibration,  it  is  desirable  to 
saturate  with  insulating  varnishes  or  compounds.  Saturation 
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is  usually  conducted  in  vacuum  by  heat-resistant  varnish  No 
447.  The  operating  stress  of  the  saturated  paper  can  be 
increased  two  times. 


According  to  the  existing  norms  for  electrical 
apparatuses  and  installations  with  operating  stress  to  60  V 
into  testing  voltage,  it  is  egual  to  500  V effective,  with 

4 

operating  stresses  from  60  to  250  V - 1500  V and  from 

250  to  500  V - 2000  V eff.  However,  in  the 
miniature/small  and  miniature  relays,  working  in 
radio- electronic  equipment,  these  norms  cannot  be  maintained, 
since  the  distances  between  the  current-carrying  parts  of 
these  relays  are  very  small.  The  values  cf  testing  voltages 
for  a miniature/small  and  miniature  relay  are  given  below, 
into  § 18-4. 


Value  of  the  breakdown  voltage  of  insulation  depends  on 
the  duration  of  the  action  of  testing  voltage.  Usually  by 
norms  is  provided  the  duration  of  breakdown  test  1 min;  if 
testing  is  conducted  not  more  than  1 s,  then  the  value  of 
testing  voltage  must  be  increased  by  25o/o. 
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Continuation  table  6-5. 
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0,3 

0,35 
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35 

— 
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0,4 

40 

— 

— 

0,10—0,13 

MM 

^'IIpOBOJIOKa 

AHaMeTpoM 

113B1 

— 

— 

0.5 

50 

— ■ 

— 

0,10-0.13 

MM 

J^TIpoBO^oKa 

AHaMeTpoM 

naB2 

— 

— 

0,7 

70 

— 

— 

0,10-0,13 

MM 

^VlpoBOjiOKa 

AHaMOTpOM 

naji 

— 

— 

0,55 

55 

— 

— 

/>>  0,15— 0,2C 

MM 

C?y  IIpOBOJIOKa 

AHaMeTpoM 

naBi 

— 

— 

0,6 

60 

— 

— 

/-s  ai5-°^° 

(>MIpOBOJ!OKa 

MM 

AHaMeTpoM 

naB2 

— 

— 

0,8 

80 

— 

— 

0,15—0,20 

MM 

Key:  (1).  Materials.  (2).  Brand.  (3).  Thickness,  mm.  (4). 

Breakdown  voltage.  (5).  Operating  stress  U,  V.  (6).  Volume 

resistivity  p,  Q»cm-  (7).  heat  resistance,  °C.  (8).  kg/mm. 

(9).  kg.  (10).  Condenser/capacitor  paper.  (11).  Telephone 
paper.  (12).  The  cable  paper.  (13).  The  lacquered  paper. 
(14).  Varnished  vinsulating  cloth  is  cotton.  (15).  Varnished 
insulating  cloth  is  silk.  (16).  Glass  cloth.  (17). 

Fiberglass  tape  is  alkali-free.  (18).  Fiberglass  tape  is 
alkali-free.  (19).  Impregnated  glass  cloth.  (20). 
Polychlorotrif luor oethy lene.  (21).  Amber.  (22).  Film  from 
teflon  oriented.  (23).  Triacetate  film.  (24).  Polystyrene. 
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Sit* 

(25).  Polyethylene.  (26).  Polyamides  (caprone,  nylon).  (27). 
Polyvinyl  chloride.  (28).  Wire  by  diameter. 
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Table  6-6  gives  the  results  of  the  tests  of  the 
breakdown  voltage  of  insulation  of  windings  and  contact 
springs  of  some  types  of  relay  under  normal  conditions. 

To  Fig.  6-2,  are  given  the  integral  distribution  curves 
of  the  breakdown  voltage  between  winding  and  housing  of  the 
relay  of  types  RES6 , RES9  and  of  R MUG,  constructed 
according  to  L.  E.  Bel'skoy's  data.  From  these  curves  it 
follows  that  the  average  value  of  the  breakdown  voltage  of 
relay  of  the  type  RES9  is  egual  to  2020  V eff.,  but  lo/o 
cf  relay  there  can  be  probit  with  vcltage  1160  V eff. 
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Table  6-6.  Tentative  values  of  breakdown  voltages. 

* 760  ■■  Hg;  «,  = ♦20®C;  f = 50  Hz)  . 


(Hith  p 


(>) 

Tan  pwn 

(31 

HMD  oBunW 

■ Hopnroom 
(V  * ** 

■ Kopnyoo* 

Unp.  * +* 

(*) 

"7;^" 

PKH 

1100-2200 

1200-1500 

| 

PKMI1 

1200-2200 

1200-2000 

— 

PHH 

900-1700 

700-2000 

— 

PC-13 

800-1200 

1000—1800 

— 

PC-52 

1600-2200 

1400-2800 

1500—2500 

PMy 

1600-  2500 

1300-2500 

1200 — 2200 

PMyr 

1700-  3000 

1400-  2500 

1400-2500 

pace 

1200—1900 

1200-1800 

1000-2300 

P9C9 

1300-2800 

1800-3200 

1200-1800 

P3C10 

1700-2600 

1200-1800 

1100-1700 

Key:  (1).  Type  of  relay.  (2).  Between  winding  and  housing 

V eff.  (3).  Between  contact  springs  and  housing V eff. 

(4).  Between  contacts  . V eff. 
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With  an  increase  in  the  frequency,  breakdown  strength 
of  air  decreases.  To  Fig.  6-3,  is  given  the  curve  of 
dependence  on  the  frequency  of  the  relation  of  breakdown 
strength  of  air  at  high  frequency  to  breakdown  voltage  at 
zero  frequency.  This  nodring  it  has  a minimum  at 
frequencies  106-107  Hz. 


■ 
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Fig.  6-2.  The 

integral 

distribution  curves  of 

voltage  between 

winding 

and 

housing  cf  relay. 

RES6  ( M 0 = 47) 

; 2.  - 

type 

RES9  (M0  = 54)  ; 

(M0  = 42). 

Key'-  0)  V 

the 

1 

3 - 


Fig.  6-3.  Curved  of 


dependences  on  the 


frequency 


br  ea  kdow  n 
type 

type  RMU< 


of  t he 


relation  of  breakdown  strength  of  air  at  high  frequency  to 
breakdown  voltage  at  zerc  frequency. 
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Tatle  b-7.  Resist  or/resistance  and  the  turn  number 


of 


the 


windiny  of  relay  of  the  type  RPN  witn  ICOo/o  filliny  of 

the  winding  space  of  coil. 

(a)  npoBoaoKa  KpacBOMi  iHan  Mapita  II8J1  (8,  = + 20"C) 
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0.38 

14.3 
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224 

1.04 

o.uo 
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58  (HO 

— 

1.23 

0.41 

10.8 

1630 

208 
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0.07 

10  300 

45  60(1 

— 

1.23 

0.44 

8,04 

1400 

194 

1.04 

0.08 

6 340 

35  500 

1.22 

0.47 

6.23 

1240 

182 

1.04 

0,09 

4 030 

29000 

1.21 

0.49 

5.26 

1130 

176 

1.04 

0,10 

2 550 

22  900 

1.19 

0.51 

4.50 
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1.04 

0.11 
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19  600 
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1.17 

0.53 

3.90 

980 
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1.03 

0.12 

1290 

16  800 

— 

1.15 

0.55 

3.36 

917 

156 

1.03 

0.13 

970 

14  600 



1.14 

0.57 

2.95 

858 
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1.03 

0.14 

733 

12  900 

— 

1.13 

0.59 

2.55 
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0.15 
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1.12 

0.62 
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Key:  (a).  Wire  red 

copper 

of 

the 

brand  of  PEL  ( 

♦ 20°C)  . (1).  diameter 

of 

wire. 

d. 

mm.  (2). 

Resistor/resistance  R, 

mm.  (3)  . 

Turn 

number,  w.  (4)  . 

number  in  two  series-  (5).  Solidity  ratio  of  winding 
(b).  Wire  constantan  of  the  brand  PEShOK  (p  = 0.48 

Q«hb2/®)-  Coefficient  of  complete  winding  (6).  ohm 

Turn  number  in  two  series. 


Turn 


(7)  . 
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Table  8-8.  Auxiliary  table 


for  the  calculation  of 


resistor/resistance 

and 

tuin  number 

o f 

t he 

of  the  type  FPN 

with 

partial  t i 11  inq 

of 

of  coil. 

5 

X X X 
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X 
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H | 

x % | | •. 

X | 

X % 
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2 

3 

4 

5 

6 

7 
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14 

19 
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17 

18 
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21 
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24 

25 

26 
47 
28 
» 
30 
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82 

33 

34 
S5 
SB 
37 
98 
SB 
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o.:»9 

1.15* 

1.8U 

2.42 

3.U4 

3.08 

4,32 

4.97 

5.63 

6.30 

6,96 

7,65 

8,34 

9.06 

9,74 

10.5 

11.2 

11.9 

12.7 

13.4 
142 

14.9 

15.7 

16.5 

17.2 

18,0 

18.8 

19.7 
2U.5 

21.3 

22,2 

23,0 

23.8 

24,7 

25.6 

26,5 

27.4 
28,3 
29,2 


1.7 

3.3 

4.(1 

6.5 

8.1 

9.0 

11.1 

12.5 

13.9 

15.3 

16.7 

18.1 

19.4 

20.7 
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23.4 

24.7 

25.9 

27.1 

28.4 

29.6 

30.8 
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343 
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36.5 
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38.8 

39.9 
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45.2 
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•8.7 
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87.6 
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903 
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•3,0 

94.4 

95.8 

97,2 

98,6 

100,0 


84.4 

85.2 
85.9 

86.7 

87.5 
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89.8 
90,56 
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94,24 
94,97 
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97,16 
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Key:  (1).  Looses,  introduced  by  quadrature  winding.  (2). 

Height/altit.ude  of  quadrature  winding. 
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Therefore  for  the  calculation  of  the  windings  of 
standard  relays,  frequently  are  applied  tables  or 
curve/graphs  (diagrams) , which  make  it  possible  to 
considerably  simplify  and  to  accelerate  the  calculation  of 
wi  nd  i ngs. 

For  the  calculation  of  the  windings  cf  relay  of  the 
type  RPN,  they  are  applied  by  table  b-7  and  6-8.  Table 
6-7  gives  turn  number  and  winding  impedance  of  relay  of 
the  type  RPN  with  complete  (lOOo/o)  filling  of  the  winding 
space  of  coil  for  the  nominal  diameters  cf  red  copper  wire 
from  0.05  to  1.0  mm  of  the  brand  of  PEL. 

During  the  determination  of  a quantity  of  turns  of  the 
wire  of  each  diameter  in  this  table,  was  considered  the 
maximum  possible  wire  diameter  with  insulation. 

To  the  account  for  the  inequality  of  the  laying  of 
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wire  with 

winding/coil  (quality 

of  w 

inding/coil)  in 

t he 

last/lat  ter 

graph  of  table  are 

gi  ven 

the 

val ues  of 

t h e 

solidity  ratios  of  winding  kf, 

which 

are 

reciprocal 

value  of 

tho  coefficients  of  the  inequality  of  laying  V 

I 

I 

Filling  of  the  winding  space  of  coil  is  composed  of 
filling  in  percentages  according  to  tarn  number  with  j 

consideration  the  solidity  latio  of  winding,  loss  of  winding 
space  from  the  paper  separators  between  series  and  windings 
Sir,  and  the  loss  of  winding  space  as  a result  of 
the  presence  of  short  circuit  of  winding 


*%  - I %» ■ */  + S •/."»  + •/»**.-  (6-27 ) 


To  the  seal  (liner)  of  each  winding  of  relay,  is  lost 
»•  2,5S  wind  ing  space.  Filling  of  coils  it  is  desirable  to 
select  not  more  than  d6o/o. 


For  the  calculation  of  the  windings  cf 
resistor/resistances  and  combined  windings  table  6-7  gives 
also  the  turn  number  and  winding  impedances  Irom  constantan 
wire  by  diameter  from  0.06  to  0.*S  mm  of  the  brand  PfshOK. 

Second  auxiliary  table  6-8  makes  it  possible  to  perform 
the  calculation  of  the  windings  of  relay  of  the  type  HPN 
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with 

partial  ( 1 c 

( ss 

than  lOOo/o) 

fill 

ing  of 

the  winding 

space 

of 

coil. 

This 

table  has 

three 

gr a phs: 

in  the  first 

graph 

are 

gi  ven 

the 

percentages 

o f 

filling 

of  coil 

according  to  turn  number  tioi  0 to  lOOo/o,  in  the  second 
graph  are  given  the  corresponding  values  of  winding 
impedance  in  percentages  from  the  nominal  value  of  winding 
impedance  and  in  the  third  - the  percentages  of  filling  of 

coil,  according  to  turn  number  corresponding  to  the  whole 
values  of  the  percentages  of  winding  impedance  from  0 to 
lOOo/o;  given  in  the  first  graph. 

6-9.  Diagrams  for  the  calculation  of  the  windings  of  relay. 


For  facilitation  and 
windings  of  relay,  can 
diagrams  are  the  curved 
turn  number  with  the  di 


accelerating 

the  selection 

of  the 

be  also 

used 

the  diagrams. 

These 

dependences  o 

f winding  impedance  on 

fferent 

wi  re 

dia  meters. 
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of  diagram,  are 


Along  the  axes  of  ordinates  and  abscissas 
deposit/postponed  on  logarithmic  scale  the 


res  is  tor /resist  a nee 
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and  the  turn  number  of  winding.  At  an  angle  of 
approximately  4S°  to  the  axis  of  abscissas,  are  given  the 
lines  of  the  he ight/altitude  of  the  winding/coils  which 
intersect  by  the  curves  of  the  equal  wire  diameters.  To 
Figs.  6-4  and  h-S,  are  given  the  diagrams  for  the 
calculation  of  the  windings  of  the  relay  of  types  RPN  and 


Por  the  calculation  of  winding  according  to  the 
assigned  resistor/resistance  (or  turn  number)  it  is  necessary 
to  find  a to  diagram  the  intersection  of  the  line,  which 
corresponds  to  the  assigned  resistor/resistance  (or  turn 
number)  with  curves  the  equal  wire  diameter. 


A quantity  of  curves  of  equal  diameter,  by  the  secant 
of  the  assigned  resistor/resistance  or  turn  number,  gives 
the  number  of  solutions  of  problem  within  these  altitude 
limits  of  winding/coil. 
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Page  230. 

The  minimum  consumption  of  copper  for  winding  will  be 

in  the  case  of  the  selection  of  the  solution  of  problem, 

which  corresponds  to  the  minimum  height/altitude  of 
winding/coil.  For  the  calculation  of  winding  according  to 
those  who  were  assigned  to  turn  number  and  to 
re sistor/resist ance  it  is  necessary  to  find  the  point  of 
intersection  of  the  lines,  which  correspond  to  the  assigned 

magnitudes.  If  this  point  will  lie/rest  on  any  of  the 

curves  the  egual  wire  diameter,  then  is  possible  the  exact 
solution  of  problem.  Otherwise  the  exact  solution  of  this 
problem  can  be  reached  by  change  in  the  inner  diameter  of 
the  winding  or  by  the  connection/inclusion  of  supplementary 
resistor/resistance,  since  the  nominal  wire  diameters  differ 
from  each  other  no  less  than  by  0.01  mm.  Approximate 

solution  can  be  obtained,  if  we  step  back  from  the 

assigned  conditions,  after  changing  the  assigned  magnitude  of 

resistor/resistance  or  turn  number  so  that  the  point  of 
intersection  of  the  lines  of  resistor/resistance  and  turn 

number  would  lie  to  the  nearest  curve  of  the  wire 
diameter. 
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rig-  6-5.  Diagra®  for  the  calculation  of  the  win  lings  of 
relay  of  the  type  3KN  (wire  of  the  brand  of  PEL,  8,  = 

♦ 2 0°C)  . 


Key:  (1).  oh®-  (2).  Height/a  It  itude  of  winding/coil  in  mm. 

(3).  Resistor/res  istance.  (4).  wire  diameter  in  mm.  (5). 
Turn  number. 
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During  the  calculation  of  winding  according  to  the 
assigned  wire  diameter,  the  number  of  solutions  can  be  very 
greatly,  and  they  all  will  lie/rest  on  curve  for  this  wire 
diameter. 


With  the  aid  of  these  diagrams  it  is  possible  to 


design  also  double  wound  coils. 


The  first  winding  of  two-winding  coil  is  designed  from 
diagram  normally,  but  in  this  case  is  selected  the  smallest 

possible  height/altitude  of  winding/coil,  in  order  for  the 

remaining  windings  of  coil  to  leave  sufficient  winding 
space. 

For  determining  the  turn  number  and  resistor/resistance 
of  the  second  winding,  it  is  necessary  tc  find  from 

diagram  the  appropriate  values  of  the  parameters  which  would 
possess  the  coil,  if  it  had  one  winding.  Then  from  the 
obtained  values  it  is  necessary  to  deduct  respectively  turn 
number  and  the  resistor/resistance  which  wculd  have  the 
first  winding  of  coil,  if  it  was  wound  from  the  wire  of 
the  same  diameter,  as  the  second  winding. 

I 


r 
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Of  time-lag  relay  of  the  type  HKK,  the  length  of  coil 

I is  less;  therefore  for  the  calculation  of  the  windings  of 

time-lags  relay  it  is  necessary  of  the  value  of  the  turn 

number  and  winding  impedance,  obtained  from  diagrams,  to 
multiply  by  the  appropriate  values  of  coefficient  of  n.  The 
assigned  values  of  the  turn  number  and  winding  impedance 

aust  be,  on  the  contrary,  divided  into  the  value  of  this 
coefficient.  For  relay  with  plug  length  12-5,  25.5  and  38 

mm  of  the  value  of  coefficients  n,  ate  respectively  equal 
to  0.755,  0.502  and  0.344. 

6-10.  Examples. 

1.  Relays  of  type  HPN  with  quadrature  winding  of  two 
layers  of  wire  as  diameter  0.5  mm  (h  = 1 mm)  must  have 

two  windings. 
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Table  6-10.  On  the  calculation  ot  the  windings  of  re 


tii«  type  RPN. 


(0 

f 

8 

|r 

h 

*3** 

1 

sr 

■? 

s* 

§9 

iE 

J*> 

1* 

h 

Sb 

*t 

(l)  ConporaaMHM 

^IpKMfiamtr 

«•  % 

I*; 

jjs 

OQftf 

oa; 

— ' 

— 

— 

15.2 

15,2 

9,9 

— 

— 

KopoTKuaaMKHyraR  of, 

MOTHS 

I 

0.16 

4^00 

41,0 

40,2 

30,7 

101,5 

160 

(X) 

56,8- 



-46.6 

— 

— 

CyuMu 

“ 

59.3 

. "’5_ 

-49,3 

— 

— 

^poKJiaflKa 

II 

0,10 

5850 

23,35 

27,8 

27,45 

700 

700 

- 

- 

82,65- 

-76,75 

— 

— 

— 

— 

— 

017 

— 

— 

— 

(1).  Winding.  (2).  Diameter  of  wire  d#  mm.  (3).  Turn 
nuaber  v.  (4).  Filling  on  turns  w,  o/o.  (S)  . Filling 

coil  h,  o/o.  (6).  Res istor/r es ist a nee . (7).  Calculated 

oh*.  (8).  Rounded  R,  ohm.  (4).  Note.  (10).  Quadrature 

winding.  (11).  Sum.  (12).  Separator. 
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Talle  6-11.  On  the  calculation  of  the  symmetrical  winding 

of  relay  of  tha  typo  B PH. 

,,,  isL- 1 iv  I .«)  | in  I 

Is  as  •3$  Hr  : UJ— 

A • • *.%•  K % < “#*  JB. 

•« 

i 

l«  0.14  2800  20.2  22.8  13,8  99,7  99.0  (/o)  — 

2.5_  2,5  — — — , llpoKJMAKt 

22.7  -*  15,5  - _ l"6juut 

11  0,14  5200  40,4  | 45,8  j 38.0  278,5  275  — 

— — 63,1 >53,5  — — Xymu 

— — 2,5  | 2,5  | — — — ( ^IpoMaaxM 

— — 85,6 — 58,3  — — < :<ty»n»a 

V 0,14  2800  2IU  | 22,8  I 24/  179  178  ^ _ * 

— - 85,8  — Laft8  - _ %m» 

I 98.2  1 


CyMM« 

^lpOKflajKl 


Key:  (1).  Windings.  (2).  Diameter  of  wire  d,  mm.  (3).  Tu 

number  w.  (4).  Filling  on  turns  w,  o/o.  (5).  Filling  of 
coil  h#  o/o.  (6).  Resistor/resistance.  (7).  Calculated  R, 
ohm.  (B)  . Hounded  R,  ohir.  (9).  Note.  (10).  Separator.  (11 
Sua. 
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From  table  6-7  wo  find  the  appropriate  percentage  of  the 
turns:  56.5o/o.  The  winding  space,  necessary  for  rhe  first 
winding,  will  be  equal  to  56.S-15.2  = 41.3o/o,  the  turn 

number  of  this  winding  10100*0.413  = of  4172  turns,  also. 
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aftei  rounding  4200.  The  second  winding  is  insulated  from 
fcy  the  first  paper  separator,  which  occupies  windinq  space 
on  turns,  equal  to  2. 5o/o. 

In  a similar  manner  we  find  the  windinq  space, 
necessary  for  the  second  winding.  The  turn  number  of  the 
latter  is  equal  to  5172  or,  after  rounding,  5150.  The 

common/general/total  filling  of  the  coil  of  double-coiled 
relay  is  equal  to  91.4o/o. 

2.  Relays  of  type  RPN  with  quadrature  winding  (h  = 1 

mm)  . 

The  first  winding  of  relay  has  4200  turns  of  the  wire 
PEL  as  a diameter  0.10  mm.  It  is  necessary  to  determine 

the  rosistor/resistance  of  both  windings. 

The  solution  of  this  problem  is  given  in  table  6-10. 

3«  Relays  of  type  RPN  must  have  two  windings  with 

identical  turn  number  w,  = w?  = 5200,  that  have  one  and 

the  same  resistor/resistance  r,  = r*  (symmetrical  winding). 
Mire  red  copper  the  brand  PEL  with  diameter  0.14  am. 
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The  first  winding  it  is  divisible  tc  two  identical 

s on  2600  turns  and  the  second  halves  of  this  winding 
coil  after  the  second  winding. 

Calculation  of  this  winding  is  given  in  table  6-11. 

4.  Table  6-12  gives  calculation  or  series  winding  of 
y of  type  RPN. 
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Chapter  Seven. 


Calculation  of  relays,  connected  in  different  circuits. 


7-1.  Fundamental  methods  of  the  calculation  of  the  windings 
cf  relay  in  circuits. 


The  calculation  of  the  windinq  of  the  relay,  connected 
in  any  circuit,  consists  in  the  deter  irination  of  the  turn 
number  and  resis  t.  or/resista  nee  of  this  winding,  necessary  foi 
providing  the  required  or  maximally  possible  ampere- turns  in 
this  circuit. 

Depending  on  circuit  conditions,  the  relay  can  be 
included: 

1)  into  simple  circuit  in  series  with  resistor/resistance; 

2)  into  the  compound  circuit  in  which  are  included 
different  resistor/resistances,  consecutively  and  in  parallel 
to  winding  or; 
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3)  into  loral  circuit  it  is  direct  to  battery. 

To  calculate  windings  in  these  circuits  is  possible  by 
two  methods: 

1)  for  filling  of  entire  winding  space  of  coil  or; 

2)  for  minimum  filling  of  the  winding  space  of  coil 
(minimum  consumption  of  copper). 

The  first  method  in  turn,  is  divided  into  three  cases: 
a)  calculation  a assigned  ampere-turns,  b)  calculation  for 
maximum  ampere-turns  and  c)  calculation  for  maximum  external 
resistor/resistance. 

The  calculation  of  the  winding  of  relay  for  the 

assigned  ampere-turns  usually  has  two  solutions:  the  first 
gives  winding  with  maximally  possible  turn  number  and  the 
greatest  resistor/resistance  (with  the  assigned  ampere  turns 
and  these  size/d imensions  of  coil),  the  second  - winding 

with  smallest  possible  turn  number  and  minimum 

resistor/resistance  (under  the  same  conditions). 
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Therefore  the  calculation  of  the  winding  of  relay  for 
filling  of  entire  winding  space  of  coil  is  utilized  only 
when  it  is  necessary  to  ensure  the  minimum  energy 
consumption  of  battery  and  to  obtain  winding  with  large 
inductance  or,  on  the  contrary,  when  it  is  necessary  to 
relay  with  low  resistor/resistance  and  small  inductance  (for 
example,  group  relay,  test  relay  and  the  like). 


Page  285. 

In  other  cases  the  calculation  of  relay  is  conducted 
for  minimum  filling  of  the  winding  space  of  coil,  since  in 
this  case  is  provided  the  smallest  consumption  of  copper 
for  winding  with  the  assigned  ampere-turns.  For  minimum 
filling  of  the  winding  space  of  coil,  are  designed  also 
the  first  windings  of  mult iwind i ng  coils,  since  in  this 
case  for  the  arrangement/position  of  the  remaining  windings 
of  coil  remains  larger  winding  space. 


7-2.  Calculation  of  the  relay,  connected  in  series  with 
resistor/resistance,  for  filling  of  entire  winding  space  of 


I 


i 


DOC  * 780  12414 


PA  OF 


coil. 


«,)  the  calculation  for  the  assigned  ampere-turns. 


With  the  minimum  value  of  the  operating  voltage  of 
battery  Ul#  possible  in  operation,  relay  series-connected 
with  resistor/res istance  H (Fig.  7-1a),  will  have 
ampere-turns,  equal  to: 

M-if-r  ™ 

where  w - the  turn  number  of  the  winding  of  relay  and  r 
its  resistor/resistance. 

Let  us  substitute  into  formula  fcr 
of  r of  its  value  froa  (6-12): 

or 

jmt.c*— vtw  + *ir*-o, 

whence  we  obtain  for  the  turn  nuaber  of  the  winding  of 


ampere-turns  instead 


<7-U) 


relay,  connected  in  series  with  the  resistor/resistance: 
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•'-*** 3^=-JMiT5S5F?.  <«> 

This  expression  gives  two  values  for  the  turn  number  of 
winding,  which  ensure  obtaining  the  assigned  ampere- turns. 
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Pig.  7-1.  Circuit  diagrams  of  the  relay:  a)  consecutively 
vith  resistor/resistance;  b)  in  local  circuit. 
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Depending  on  operating  conditions,  is  selected  one  or 
the  other  value  for  a turn  number.  If  relay  must  long  be 


located 

for 

current. 

then 

for 

the 

purpose  of 

the 

savings 

of  energy  of 

ba  t ter  y 

one 

should 

select 

t he 

f irst. 

solution 

(larger 

turn 

number)  . 

1 n 

the 

ca  se 

when 

relay 

according  to 

the 

conditions 

of  diagram 

must  have 

low 

di res is tor/ resist a nee 

or 

small 

inductance,  it  is 

nece  ssa  ry 

to 

stop  at  t he  second 

solution . 

if  hen 

selecting  of 

winding. 

one 

should  also 

consider  the  considerably  larger  cost/value  of  fine/thin  wire 
(by  diameter  0.05-0.  09  mm). 


First  solution  to  equation  (7-2)  frequently  gives  so 
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considerable  turn  number  which  cannot  be  virtually  carried 
out  this  winding  due  to  the  very  s*all  wire  diameter.  On 


the 

other 

hand. 

the 

second 

sol u t ion 

so 

met imes  i 

ves 

t he 

ve 

ry 

smal 

1 turn 

auntie 

r. 

ca  1 ling 

too  great. 

a 

current 

dra 

in  or 

unacceptable 

due 

to 

small 

inductance 

of 

w inding. 

In 

sue 

h 

cases  it  is  nec 

essa 

r y to 

design  the 

w 

inding  of 

re 

lay. 

on 

the 

basis 

of  th 

e s 

mall est 

per missifcl 

e 

wire  diameter 

, or 

t 

o 

conduct  cal 

cu  J at  i 

on 

for  min 

imura  filli 

ng 

of  the 

wind 

inq 

spa 

ce 

cf 

coil. 

Accordi 

ng  to 

te 

chnologi 

cal  consid 

erations  it 

is 

unde 

sirable 

to  a 

pply 

wire 

by  diamcte 

r 

it  is  le 

ss 

than 

0. 

10 

mm  , 

but  if 

nece 

ssar 

y it  is  necessar 

y 

to  also 

use 

wire 

with 

diamet 

er  to 

0. 

07  mm. 

and  in  t 

he 

special 

case 

s - 

ev 

en 

to 

0.05  mm 

• 

During 

calcu 

lati 

on  for 

the  assig 

ned 

wire  diamet 

er. 

the 

turn 

number 

of 

wind 

ing,  ob 

viously,  w 

ill 

be  less 

th 

an 

calculated , 

but 

wor  k 

ing  ampere  turns 

those  more 

ass 

igned 

9 

i.e.,  the  safety  factor  for  function  will  be  more  than 
previously  accepted. 


The  calculation  of  the  windings  of  relay  with  the  aid 
of  formula  (7-2)  must  be  conducted  by  the  method  successive 
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conducting  of,  since  value  C depends  cn  duty  factor  A,, 

y 

value  of  which  during  calculation  it  is  necessary  to  be 

given  tentatively. 

.# 

Therefore  after  the  preliminary  determination  of  the 
turn  number  of  the  winding  of  relay,  one  should  select  the 
wire  diameter  and  check  the  value  of  duty  factor  k3.  If 
the  obtained  value  k3  will  noticeably  differ  from  that 
which  was  accepted  at  first,  then  in  the  case  of  the  need 
cf  obtaining  the  accur.ite  results  it  is  necessary  to  assign 

another  closer  value  k3  and  to  repeat  calculation  again. 

The  need  for  repeating  calculation  during  the  unsuccessful 
selection  of  coefficient  of  filling  is  a deficiency /lack  in 
the  given  above  calculation  method;  however,  all  formulas, 
proposed  up  to  now  for  the  expression  of  duty  factor  as 
functions  of  the  wire  diameter,  proved  to  be  suitable  only 
within  very  narrow  limits. 

Knowing  the  turn  number  of  the  winding  of  relay  and 
the  basic  dimensions  of  coil,  it  is  possible  to  easily 
determine  diameter  of  wire  and  the  actual  value  of  winding 
impedance. 


If  relay  is  included  in  local  circuit 


it  is  direct 
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to  battery 

(R  = 0) 

(Fig. 

7-1  b) 

, then  the  turn  number 

the  vindi nj 

of  this 

relay 

will 

be  equal  to: 

ip  = 

~aW^- 

(7-3) 
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Substituting  in  latter  expression  for  w and  - of  their 
value,  we  obtain  formula  for  determining  the  wire  diameter: 


d = 2| 


/-AW-,(Dt  + k) 
U 10* 


(7-3.) 


It)  calculation  for  maximum  ampere-turns. 


For  determining  the  conditions  by  which  the  relay  mill 
have  in  the  assigned  diagram  maximum  ampere-turns,  let  us 
differentiate  of  expression  (7- la)  in  terms  of  turn  number 
and  will  equate  it  with  zero: 


dAW  rr  R + Cm*  — 2C» 
dm  ~ (R  + Cm*)* 


0 
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either 


R + Cu>*  — 2Cu>*  «*  0, 


whence  we  find  the  condition  by  which  the  relay  will 
obtain  the  maximum  ampere-turns: 


R = Cw*  or  R = r. 


(7-4) 


Turn  number  of  the  winding  of  relay  during  calculation  for 
the  maximum  ampere  turns 


(7-5) 


Substituting  in  equation  (7-1a)  instead  of  r and  w of 
their  value,  we  obtain  expression  for  the  maximum  number  of 
ampere-turns: 


AW, 


T V, 

R + R “ 2 VT<£' 


(7-6) 


Since  in  this  case  winding  impedance  known,  turn  number  can 
be  found  without  translation.  From  formula  (6-7)  we  find: 


DOC  = 780  12414 


PAGE 


Through  value  c0f  ve  find  from  table  6-1  or  6-2 
corresponding  diameters  of  wire,  value  w0  and  k3  we 
determine  the  turn  number  of  winding. 

c)  the  calculation  of  relay  for  maximum  external 
resist or/res ist a nee. 


From  equation  for  ampere-turns  (7-1a)  we  find  expression 
for  the  external  resistor/resistance: 

d V.»  — AW  ■ c»* 

* — ~~ah — • 
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For  determining 
resistor/resistance  w 
of  this  expression 
it  with  zero: 


the  conditions  under  which  external 
ill  be  maximum,  let  us  take  derivative 
in  terms  of  turn  number  let  us  equate 
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or 

Ul  — 2AWCw  = 0, 


whence  we  find  the  condition  under  which  external 
resistor/resistance  will  be  maximum: 

1^75  <7'71 

Substituting  in  this  expression  for  * and  C of 
va  1 ue  , wc  obt  am  : 

4A,U  VLM,  to* 

k#  “ HH'Hf  (D,  + A)  ' 

whence  we  find  formula  for  determining  the  wire 


d „ y 


(7-8) 


Substituting  in  equation  tor  R instead  of  w its 
formula  (7-7),  we  will  obtain  expression  for  the 
external  resistor /res ist ance : 


(7-8) 


their 


di ameter : 


value  from 
maximum 


1 
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Winding  i mpeda nee  of  relay  according  to  (6-12)  is  equal  to: 


'-«--d»r-xAr. 


Consequently,  in  the  case  of  maximum  txtcrnal 
resistor/resistance  will  disc  occur  the  equality: 

^■m  ° r. 


During  differentiation  of  formulas  for  AW  and  4,  we 
considered  coefficient  ot  C as  constant,  not  depending  on 
turn  number.  Actually  value  C is  a function  of  turn 
number,  since  duty  factor  depends  on  the  wire  diameter. 
Therefore  actual  condition  for  maximum  AW  and  R differs 
somewhat  from  expression  (7-4)  and  depends  on  the  wire 
diameter.  For  the  most  frequently  used  diameters  of  the 
wire  (0.10-0.20  m)  of  the  brand  PEL,  maximum  AW  and  R 
will  be  under  the  condition: 

r =(0,82-»-0,  »0)Jf. 
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However,  the  curve  of  the  dependence  of  a change  in 
the  ampere-turns  on  winding  impedance  near  maximum  has  small 
curvature;  therefore  in  the  majority  of  cases,  we  will  not 
make  a noticeable  error,  if  we  are  consider  condition  for 
a maximum  equation  (7-4). 


7-3.  Calculation  of  the  relay,  connected  in  series  with 
resistor/resistance,  for  the  minimum  consumption  of  copper. 

When  according  to  circuit  conditions  the  value  of 

resistor/resistance  or  inductance  does  not  have  special 
limitations,  it  is  necessary  to  design  the  windings  of 
relay  for  the  minimum  consumption  of  copper,  i.e.,  for 

minimum  filling  of  the  winding  space  of  coil  with  the 

assigned  ampere-turns. 

For  minimum  filling  of  the  winding  space  of  coil,  one 
should  design  also  the  first  windings  of  multiwound  coils. 

Substituting  in  expression  (7— la)  instead  of  r and  C 
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of  their  value  from  formulas  (6-12)  and  (6-13),  we  obtain: 


AW. 


or 


AW  Rh  + AW  BDtw • + AW  ■ Bhw*  — Utwh  - 0, 


where 

i 


Hence  we  find: 

l __  AW  • BDtm* 

* “ t/,.'  - AW - *»•- AW  ■ A • 

For  determining  the  minimum  height/altitude  of 
winding/coil  with  the  assigned  ampere-tur ns,  let  us 
differentiate  of  h in  terms  of  w and  equate  it  with  zero: 


Utw—  2AWR-0. 


i 
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From  last/latter  equation  we  obtain  expression  for  the 
turn  number  of  relay.  with  -xurmum  filling  of  the  winding 


space  of  the  coil; 


Mirj* 

w ■ ■ - ■ . 


Cn  the  other  hand.  from  formulas  (7-1) 


■drpt  + r) 


Page  290. 

Consequently,  during  the  calculation  of  the  winding  of 
relay  for  the  minimum  consumption  of  copper  must  be: 

r = R. 


The  minimum  height/altitude  of  the  winding  of  relay  let 
us  find,  substituting  in  expression  (6-14,  instead  of  w its 
value  from  (7-10) : 


hi, — — ^ i 

TfffTW — “• 


Value  k,  during  calculation  it  is  necessary  to  be 


9 

r 


M§ 


X P0J 
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given  tentatively. 


7-4.  Calculation  of  the  relay,  connected  in  compound 
circuit. 


a.)  calculation  for  filling  of  entire  winding  space  of  coil. 


Calculation  for  the  assigned  ampere-turns. 


Majority  compound  circuits,  which  are  encountered  during 
the  design  of  the  installations  of  automation,  telemechanics 
and  communication/connections,  can  be  easily  led  to  the 
circuit,  depicted  to  Fig.  7- 2a. 


On  the  basis  of  the  ohm's  lavs  and  Kirchhoff,  let  us 
find  the  ampere-turns  which  will  obtain  relay  with  the 
smallest  operating  voltage  of  the  battery: 


AW- 


t/.i 


^(r«  + f4  + r)  + r+r4 


(7-12) 


I 

v 

•I  \ . 


J 
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Me  convert  expression  (7-12)  for  the  ai pere- 1 ur  ns: 

4W VlraV 

(*  + rm)  C *'  + H(rm  + \)  + rmr4  ' 

For  determining  the  conditions  by  which  the  relay  will 
obtain  maximum  ampere-turns,  let  us  differentiate  of 
expression  for  ampere-turns  in  terms  of  w and  will  equate 
it  with  zero;  we  will  obtain; 


(fl + /•„,)<:** +tf(rB1  + r-)  + 
dw  U 'r“  [(«  + ra)  Cw«  + R (rm  + r,)  + r.r,]*  " U 


or 

^ (*"■  + -I-  r— ) Cut*  =»  0, 

whence  we  find  the  formula  for  winding  iwpedance,  which 
ensures  obtaining  of  maximum  ampere-turns  in  the  assigned 
circuit; 


. _ *(r-  + M + '-O  . , *rm 
*+^ *—  ''-  + TTF7T 


(7-14) 


DOC 


780  124  14 


b) 


ca lcul at  ion 


f Ot 


I’AiiF 


minimum  filling  of  winding 


spaoa , 


With  minimum 

f i 11 i ng  of 

t he 

winding 

space  of  the 

coi  1 

cf  resistance  of 

the  winding 

of 

relay. 

must  be  equal 

to 

resistor/resistance,  ensuring  maximum  a rape te-t urns  in  this 
circuit,  i.  e. , 

Hr„ 

r = r<  + -KT t- 

The  turn  number  of  the  winding  ct  relay,  which 
occupies  minimum  winding  space,  will  te  equal  to: 

AW 

w - TFT + r-  + r)  + '"•('■*  + '■)]  - 

1 o 

“ ££[*  (2r‘  + '■  + -»?v]  + '-(*<  + TTFVj]-  <’-15) 


The  height/altitude  of  winding  is  determined  with  the  aid 
cf  formula  (7. 1 1 ) . 
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c)  fhe  general  method  of  the  calculation  of  relay, 
connected  in  any  compound  circuit. 

Por  the  calculation  of  relay,  connected  in  more 

compound  circuits  to  maximum  ampere-turns  or  to  tha  minimum 

consumption  of  copper,  it  is  possible  to  use  the 
reciprocity  theorem,  from  which  follows  that  for  the 
computation  of  the  most  favorable  res ist or/resistance  of 
relay,  connected  in  compound  circuit,  it  is  Unimportant,  in 
which  place  is  located  the  current  source.  For 

simplification  in  the  calculations  to  more  convenient 
conditionally  transfer  battery  into  that  branch  of  the 
circuit  in  which  is  located  by  relay  (is  this  shown  in 

the  diagram  of  Fig.  7-2  b). 

Consequently,  the  formula  of  most  advantageous  winding 
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impedance  of  relay  will  always  take  the  following  form; 

r~r4  + r,„,  <7-16) 

where 


ri  - the  resistor/resistance,  connected  in  series  from 

relay  in  the  unbranched  branch,  ar.d 


r*”  - equivalent  resistance  of  the  other  as  convenient 
to  the  co»plicat edly  branched  part  of  the  circuit. 


For  example,  for  the  circuit,  given  cn  Fig.  7-2a, 
equivalent  resistance,  obviously,  is  equal  to: 


and,  therefore. 


i r 


rd  + 


Knowing  advantageous  winding  impedance 
connected  in  any  compound  circuit,  it  is 
determine  the  turn  number  of  this  relay. 


of  relay, 
possible  to 


During  the  calculation  of  relay  fcr  maximum 


ampere-turns,  the  height/altitude  of 


winding/coil  is  assigned 
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and  turn  number  can  be  found  with  tne  aid  of  coefficient 
c0  and  ^able  6-1  and  6-2. 


If  calculation  is  conducted  for 
of  copper,  then  the  turn  number  of 
from  the  formula : 


the  minimum  consumption 
winding  is  determined 


(7-17) 


where  i,  the  current  strength  in  the  winding  of  relay, 
calculated  with  the  aid  of  ohm  and  Kirchhoff  laws. 


7-5.  Calculation  of  the  relay,  connected  in  local  circuit. 

C 

a)  Calculation  for  filling  of  entire  winding  space  of  coil. 

For  the  turn  number  of  the  winding  of  relay,  connected 
in  local  circuit,  we  were  obtained  (7-j) ; 

V 

w=  aW~?- 

Page  293. 

Substituting  in  this  formula  for  C and  w of  their  value 
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from  expressions 

(6-13)  , 

(6-3) 

and  ( 6-4)  , we 

find: 

Alhk,  _ 

Vi  lkkt 

, nd* 

AW  Kt(D'  + k)-Vr*  • 

whence  we 

obtain 

formula 

f or 

determining  the 

diamet  er 

of 

the  wire 

of  the 

winding 

of 

relay,  connected 

in  the 

local 

circuit: 

d _ Y *AW  ,(D'  + k)  iCr* 

(7-18) 

During  calculation  according  to  this  equation,  the  wire 
diameters  are  obtained  by  very  small. 


b) 


C 

calculation  for  minimum  filling  of  the  winding  space  of 


coil. 


During  a decrease  in  the  height/altitude  of 

winding/coil,  as  is  evident  from  (6-13),  the  value  of 
coefficient  C and  the  power,  consumed  by  the  winding  of 

relay,  they  increase.  Therefore  the  limit  of  a decrease  in 
the  height/altitude  of  winding/coil  is  maximum  power  Pm, 

permissible  in  the  continuous  operation  of  relay. 

The  maximum  value  of  coefficient  C with  the  assigned 


i 
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ampere  turns  will  be  egual  to: 

c-fr. 

Substituting  in  (6-13)  instead  of  C this  value  from 
last/latter  expression,  we  obtain: 

or 

- • e ■ > 

pm  k#  • itr*  fiww  • iov 

— -^Ur  "• 

whence  we  find  formula  for  determining  the  minimum 
height/altitude  of  winding/coil  with  the  assigned 
ampere- turnsj 


( 


P#*f  • w D, 

rm  m {fr>\  ~ ' ra.  . 


(7*20) 


Value  k3  during  calculation  it  is  necessary  to  be 
given  tentatively.  The  wire  diameter  is  calculated  with 
aid  of  th*  formula  (7-18)  into  which  instead  of  h wo 
substitute  The  calculated  diameter  of  wire  is  rounded 

nominal  value  and  value  k3 

w ire. 


the 


off  to  the  nearest 
using  the  table  of 


the  parameters  of 


is  checked 
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The  value  of  the  maximum  power,  permissible  in  the 

continuous  operation  of  relay,  decreases  with  a decrease  in 
the  height/altitude  ot  winding,  since  its  cooling  external 
surface  in  this  case  decreases. 


Page  2‘>4. 


Therefore  value  Pm,  that  which  was  assigned  usually  foi 
the  nominal  altitude  of  winding,  must  be  decreased  during 
precomputation  approximately  2-  t times. 


Substituting  in  formula  (7-1)  instead  of  c its  value 
from  expression  (7-19)  , we  obtain  expression  for  the  turn 

number  of  winding  during  calculation  ter  the  minimum 
consumption  of  copper: 


AWw  rm 


(7-21) 


Winding  impedance  we  compute'  ly  formula  (t»— 7)  * 
substituting  for  h the  actual  (minimum)  height/altitude  of 
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C)  *h‘?  calculation  of  the  winding  of  relay  with  the 
assigned  wire  diameter. 


During  the  calculation  of  the  "local"  relays,  having 
light  load  on  the  minimum  consumption  of  copper,  fairly 
often  is  obtained  a small  diameter  of  the  wire  of  order 
0.  05-O.Ob  mm.  This  fine/thin  wire  is  expensive  and 
insufficiently  reliable  in  winding/coil  and  in  operation; 
therefore  is  necessary  to  apply  for  coils  the  wire  of  high 
diameter.  An  increase  in  the  wire  diameter  aqainst 
calculated  causes  an  increase  in  the  working  ampere-turns. 

"the  working  ampere-turns  of  "local"  relay  with  the 
assigned  wire  diameter  are  determined  from  formula  (7-18); 


AW 


Vd*  10* 


(7-22) 


where  h,  - a ho ight/a It it ude  of  wjnding/coil  with  the 
assigned  wire  diameter. 

The  actual  height/altitude  of  winding/coil,  according  to 


i 
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(6-26)  , will  be  equal  to: 


Substituting  in  expression  (7-22)  instead  of  h,  it 
we  obtain: 


AW 


U#  10* 


whence 

^AW  + D.AW-^.0. 

Solving  this  equation,  we  obtain  formula  for 
the  working  ampere-turns  which  it  will  have  local 
during  calculation  for  the  assigned  wire  diameter: 
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AW 


=W“V 


-Dt  + 


, trvbio* 


value. 


eter  mining 
re  la  y 


(7-23) 


Minus  sign  before  the  root  we  reject/throw. 


since  the 


I*" 
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second  solution  does  not 

have  physical 

sense.  Turn 

num  ber 

an  d 

the  height/altitude  of 

winding  we 

deter  mine  with 

t he 

aid 

of  (7-21)  and  (6-26). 

Substituting 

in  expression 

(6-7) 

the 

obtained  value  h*,  we 

find  windi ng 

impedance. 

7-6.  calculation  of  two  relays,  connected  in  series  with 
resistor/resistance  (Fig.  7-3). 


C 

a)  Calculation  for  filling  of  entire  winding  space  of  coil. 


Let  us  examine  the  most  complex  case  when  both  relays 
have  different  loads  and  different  winding  spaces  (different 
coils).  Let  us  designate  working  arape  re- 1 urns,  turn  number 
and  winding  impedance  of  both  relays,  correspondingly,  by 
AW*,  AW2#  wt,  rlf  w2,  and  r2.  With  the  smallest  worker  of 
the  voltage  of  battery  Ut,  the  first  relay  will  obtain  the 
am  pere-turns : 


AWt 


'i  + + R ' 


(7-24) 


The  second  relay  under  these  conditions  will  obtain  the 
ampere- turns: 


Vi»t 

rl  + rt  + ^ ’ 


AWt  = 


(7-25) 
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...  hoth  these  expressions  to  each  other,  *<- 

After  dividing  both  tne^e  e*  n- 

..  v.  a**''  the  turn  numbers  of  both 

obtain  the  equation,  *hich  rela  - 

relays:  < 

Ci»t  __  Uj£% 

Aw[  jiw\' 


whence 


' (7-26) 


Minding  i-pedances  of  both  relays  are  respectively  equal 


ro  c w* 

TX~CX»\  ■ r«  *“  C'W" 


Key:  11)-  dnd* 


where 


Kcr  and-  ^ftec  snbstitdtind  into  oration 

, , r r and  their  .aide  o,  the  diver,  above 

instead  of  r»,  r*  anu  «2 

expressions,  we  will  obtain: 


(7-27) 


t 
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Fig.  7-3. 


Diagram  of  series  connection  of  two  relays. 


Page  296. 

If  the  series-connected  resistor/resistance  is  equal  to  zero, 
then 

W 1 ~ AW\c[  + AWfCt  * ^7'29) 

Substituting  in  (7-26)  instead  of  Vj  its  value  from 
last/latter  expression,  let  us  find  the  turn  number  of  the 
winding  of  the  second  relay. 

If  both  relays  have  equal  loads  and  identical  coils, 
then  the  turn  number  of  each  of  these  relay  will  be  equal 
to: 

V.  + rfa-gBSL.  ,7-30) 
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Calculation  for  maximum  external  rosis*or/resistance. 


The  maximum  value  of  the  external  resistor/resistance  R 
with  the  assigned  ampere-turns  Arf,  and  AW?  will  oc  cur  under 
the  condition: 

i?  = r,  + rr 

Substituting  for  rj  and  r*  their  expressions,  we  obtain: 


cawi+ <>*. 

Turn  number  in  the  windings  of  both  relays,  obviously,  will 
be  equa1  to: 


Key:  (1).  and. 


—PT’ 


Substituting  in  formula  for  R instead  of  w,  and  w?  of 
their  value,  we  obtain: 
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find  expression  for  the  maximum  resistor/resistance 
ne: 


v (7-31) 


Let  us 

s 

ubs  titut 

e into  equation 

for  w,  and 

w2  instead 

of 

R its 

val 

ue  from 

formula 

(7-31). 

We  obtain 

expression 

for 

the  turn 

number 

of  both 

relays 

dur ing  the 

cal cu la  tion 

of 

circuit 

fo 

r the 

ma  xi mum 

external 

rcsistor/resista  nee: 

; ' (1-32) 

and 


ip  - Mr. 

* . „ (7-33) 
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whence  we 
of  the  li 


b)  ^he  calculation  of  relay  for  minimum  filling  of  winding 
space. 


If  both  relays  have  identical  coils. 


! 


t 


then  these  relays 
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it  is  easy  to  design  for  the  minimum  consumption  of 
copper;  otherwise  the  calculation  is  feasible,  only  when  is 
assigned  the  ratio  of  coefficients  CJ/C2.  Ninimum  filling  of 
the  winding  space  of  both  relays  we  will  have  under  the 
condition; 


* = r,  + rt 


(7-34) 


'(urn  number  in  the  windings  of  both  relays  in  this  case 
will  be,  it  is  obviously  also  equal  to; 


and 


Vi — vr 


w _2AWtB 

w* — irr 


(7-35) 


(7-36) 


Minding  impedance  of  these  relay? 


ri  = CM  a ; r,  « C,u;l 


Key;  (1).  and. 


The  value  of  coil  current  of  both  relays  is  identical; 
therefore 


whence 


' 
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Substituting  the  value  r2  in  foraula  (7-34),  ve  obtain: 

We  hence  find  expression  for  winding  mpedance  of  both 
rela  ys 


'i 


D AH T*Ci 

C,  + AW\Ct 


(7-37) 


and 

r*  * R aW\cx TSVjc,  * <7'38) 

During  calculation  it  is  necessary  to  be  given  the  ratio 
of  coefficients  Cl/C2- 

P 

*age  298. 


7-7.  Calculation  of  two  in  parallel  connected  relays, 
working  consecutively  with  resistor/resistance  (Fig.  7-4). 
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a)  "Che  calculation  of  relay  for  tilling  of  entire  winding 


space. 


Let  us  examine  the  case  when  both  relays  have 
different  load  and  different  winding  spaces.  On  the  basis 
of  the  laws  of  electrical  circuit,  let  us  write  expression 
for  the  am pere-t urns  of  both  relays. 


The  first  relay,  with  the  smallest  operating  voltage  o 
battery,  will  obtain  the  ampere-turns: 

^--VKfS&vT-  (*«> 

Second  relay  under  the  same  conditions  to  obtain: 

AW-  - 

Solving  together  (7-39)  and  (^7-40)  and  substituting 
place  rj  and  r2  of  their  value,  uo  obtain  the  equation, 
which  relates  the  turn  numbers  of  both  relays: 


asP-W- 


whence 


i 
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Subst  ituti  ng  in  equation  (7-39)  in:--  »>*  i of  r 


value*,  we  will  obtain 


whence  we  find  expression  for  the  turn  number  of  the 


winding  of  the  first  relay 


Let  us  substitute  in 


its  value  from 


we  o bt a r r 


turn  number  of  th 


winding  of  the  second  relay 


If  both  relays  are  identical,  then  t hr 


turn  number  of  the 


winding  of  each  relay  will  b* 


MM 


MM  HRMHR  ■ 
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Fig.  7-4. 


Circuit,  of  parallel  connection  of  two  relays. 
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^ the  calculation  of  relay  for  maximum  external 
resistor/res ist a nee. 


The  maximum  value  of  resistor/resistdnce  R with  the 
assigned  ampere-turns  AWt  and  AW*  will  be  equal  to: 


p _ r/i 
"itwie 


(7-44) 


Substituting  in  equations  (7-39)  and  (7-40)  instead  of 
(r,  ♦ r2 ) their  value  from  last/latter  expression,  we 
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obtain : 


whence  we  find  expressions  for  the  tarn  numbers  of  both 
relays  during  the  calculation  of  circuit  for  the  maximum 


external  resistor/resistance: 


il-*) 


#** „ 


"k"  ii  ¥$*!, 

If  we  into  formula  (7-44)  substitute  for  r4  »nd  r* 
their  value,  we  obtain  expression  for  the  maximum  external 
resistor/resistance: 


C)  "The  calculation  of  relay  for  the  minimum  consuxption  o 


copper. 
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Minimum  filling  of  winding  space  will  be  under  the 


condi tion: 


*►>,  *n 


After  substituting  into  the  1 ast/lat tor  expression  for 
r 2 and  w2  of  their  value,  we  obtain  fonulas  for  winding 
impedances  of  both  relays: 

il  ' ^Xir>C,  .(  tjp-sa  ;■  ■». 


* M 


: m 


* *-vV  O. 


The  turn  number  of  the  windings  of  both  relays, 
obviously,  will  be  equal  to: 


» + <7-50) 


ypnr^-.W^.  + ^jc,). 
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Coefficients  Ct  and  C2 


contain  the  unknown  v^lu^s  h, 
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I 


and  h2;  therefore  for  calculation  it  is  necessary  to  assign 
ratio  Cj/C2. 

7-8.  Calculation  of  "linear"  relays. 

"Linear"  relay  is  included  consecutive  ly  with  by 
exchange  line  R by  subset  r,  and  by  supplementary 
resistor/resistance  r (Fig.  7-5)  and  works  with  call  by 
the  subscriber  of  station.  Relays  must  reliably  wear/operate 
through  line  with  maximum  resistor/resistance  and  release 
through  leakage  resistance  of  line  ft7  after  interrupting  of 
the  lever/crank  contact  of  apparatus. 

QcpeiiUiX'l 

A on  the  assigned  conditions  "linear"  relay  can  be 

1 

relied  on  the  assigned  amper-turns  or  the  maximum 
resistor/resistance  of  line. 


If  assigned  great  resistor/resistance  of  line,  then  the 
winding  of  relay  is  designed  for  the  assigned  ampere-turns 
with  the  lower  limit  of  the  voltage  of  battery  Uj 
according  to  formula  (7-2): 


Vt±V  tf}-U**C(A+rt  + r,) 

UW~rc 


i < 

V 4 

I * A 


i 

* j 

t 


■ -.-i | wwwiw* 
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On 

the 

other  hand,  so 

that  the  "linear" 

relay  would 

release 

its 

armat  ure 

during 

interrupting  of  the 

lever /crank 

contact 

of 

apparatus 

wit  h 

the  upper  limit  of 

the  voltage 

of  battery  U2,  must  be  observe*!  following  condition: 

7 

The  effect  of  booster  resistor/resistance,  resistance  of  the 
winding  of  relay  and  line  we  disregard. 

If  the  actual  ampere-turns  of  retention,  created  by 
circuit,  prove  to  be  more  than  the  ampere-turns  of  the 
reloase/te mpering  of  relay,  then,  so  that  the  relay  would 
release  its  armature,  it  is  necessary  to  increase  the 
height  of  the  plug  (if  this  proves  to  be  sufficient)  or 
to  decrease  the  turn  number  of  the  winding  of  relay. 


In  the  latter  case  the  turn  number  of  the  winding  of 
"linear”  relay  it  is  necessary  to  convert  by  the  following 
formula: 


w' 


Ut  ' 


(7-5.0 


Fig.  7-5.  Circuit  diagram  of  lino  rolay. 


external  and  internal  resistor/rosista nces  (winding  impedance 
of  relay)  ; consequently, 

ft  -I + r,  =«  r 


Page 

301. 

If  we  preserve  the  selected 

i ni  t.  ial  1 y 

safety 

f actor 

K, , 

then 

the 

great 

resistor/res istance 

of  line. 

through  which 

the 

relay 

will 

work,  it  decreases 

to  value 

p „ 

• 

(7-54) 

AW 

The 

maximum 

resistor/resist  ance 

of  line 

with 

fi  lling 

of  J 

entire  winding 

space  of  coil  will 

be  with 

the 

equal  it  y 

of 
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or 


Hame 

II 

1 

-• 

• 

1 

^1 

■ 

The 

turn  nu 

mber,  which 

must  have 

" linear" 

relay  so 

that  it 

reliably 

would  work 

through  t 

he  line 

of  maximum 

resist  or/res istanc 

e (with  the 

sma 1 lest 

operating 

voltage  o 

ba  tter  y)  , 

it  is 

possible  to 

determine 

from  formula  (7-7) 

w 


2Aihs- 


Calculation  according  to  (7-7)  and  (7-9)  does  not 
frequently  give  the  correct  solution  ox  problem,  since  in 
the  circuits  of  some  commutators  "linear"  relay  together 
with  choke  coil  is  utilized  as  the  battery  supply  bridge. 

In  such  cases  the  resistor/resistance  of  exchange  line  (and 
of  "linear"  relay)  is  limited  by  the  minimum  value  of  the 
current  /«.  of  the  necessary  for  a microphone  current  supply 
cf  subscriber. 


In  this  case  the  turn  number  of  the  winding  of 
•linear"  relay  must  be  equally  to: 


AW 


(7-55) 


Most  the  resistor/resistance  of  the  exchange  line,  which 
ensures  the  minimum  feed  current  cf  microphone,  will  be: 
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(7-56) 


7-9.  Calculation  of  "group"  relays. 


"Group"  relay  is  connected  in  series  with  a group  of 
other  relays  connected  together  in  parallel,  signal  lamps  or 
resistor/resistances  (Fig-  7-6).  Let  us  designate  the 
ampere-turns,  necessary  for  the  reliable  work  of  "group" 
relay,  by  AWj.  During  the  closing/shorting  at  least  of  one 
of  parallel  circuits  and  with  smallest  operating  voltage  of 
battery,  "group"  relay  must  actuate/operate.  So  that  the 
voltage  drop  across  the  winding  of  relay  would  be  minimum, 
it  is  necessary  its  winding  to  calculate  for  filling  the  entire 

windine  soace  of  the  coi-l  uslnrr  formula  (7-2)  and  to  select  the 
smaller  value  of  turn  number. 

Page  302. 


Sometimes  "group"  relay  is  connected 
resistor/resistances;  in  that  case  for  a 
energy  consumption  the  resistance  of  this 


in  series  with 
decrease  in  the 
relay  it  is 
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desirable  to  select,  on  the  contrary,  largest  possible. 

A quantity  of  signal  (calling)  lamps  or  relay,  operated 
simultaneously  by  one  "group"  relay,  is  limited,  on  one 
hand,  to  highest  efficiency  P„ . permissible  in  the  continuous 
operation  of  relay,  and  on  the  other  hand  - by  the 

maximum  value  of  voltage  drop  AU,  on  its  terminal/grippers. 

A voltage  drop  across  of  "group"  distribution  terminal 
must  not  exceed  5-10o/c. 

The  maximum  value  of  coil  current  of  "group"  relay 
with  the  greatest  operating  Voltage  of  battery  U2  is  equal 
to : 


Ut  _ u,n 


r + — rn  R 
~ n 


(7-57) 


where  n - the  number  of  in  parallel  connected  alarms.  A 
great  voltage  dcop  across  of  "group"  distribution  terminal 
will  be  equal  to: 


(, 


- Imr  ~ urn  Utfn  - A Umrn  - A UmR  = 0, 


Key:  (1).  or. 


whence  we  find  expression  for  the  maximum  number  of 


r 


L 
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simultaneously  included  calling  signals,  operated  by  one 
"group"  relay: 


„ _ AUmB 

n-~iur=fu^r-  (7-58) 

7-10.  Calculation  of  the  relay,  connected  in  the  diagonal 
of  bridge. 


In  some  circuits  of  automation,  the  polarized  or 
magnitoelectric  relay  is  included  in  the  diagonal  of  bridge 
(Fig.  7-7),  consisting  of  four  resistor/resistances,  one  or 
two  of  which  they  are  variables. 

In  this  case  the  value  of  ceil  current  of  relay  can 
be  determined  with  the  aid  of  the  following  formula: 

rr  *1*4  — 

: _ (-fti  +A*) + -fi«)  ,7  cm 

p_  . , + *,/?A  + “»■  + *,  > 

+ (*,  + *,)  (/?,  + *,) 


where  r 


winding  impedance  of  relay 
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Ch  apter  E ight. 


CALCULATION  OF  B ATT  EH Y SUPPLY  RELAYS  FOR  EXCHANGES. 

0-1.  Calculation  of  winding  of  battery  supply  relay  with 
direct  current. 


Telephone 

subset  is  supplied  from 

the  station- 

t ype 

battery  through 

the  exchange  line  and 

tne  winding 

of 

battery  supply 

relay. 

v or  the  decrease  in  the  attenuation*  introduced  by 


station-type  four-pole. 

t he 

induct  ance 

of  battery 

su  pply 

relay 

at  audio  frequencies 

must  be 

su  £ f ic  ient  ly 

large,  since 

this 

relay  is  included 

in 

parallel 

to  speech  ci 

rcuit  (Fig. 

8-  1)  . 

Furthermore,  battery  supply  relay  must  have  two 
symmetrical  in  electrical  sense  windings  to  avoid  the 
transition  of  speaking  currents  of  one  circuit  to  another 


(adjacent)  . 

On  the  other  hand,  the  turn  number  of  the  winding  of 
battery  supply  relay  is  limited  to  the  value  of  its 

direct-current  resistance,  which  must  be  small,  for  providing 

the  running  current  of  microphone  current  supply  at  maximum 
length  of  exchange  line- 

Therefore  the  magnetic  system  of  battery  supply  relay 
must  have  the  largest  possible  magnetic  permeability  at 

audio  frequencies. 

For  loading  at  audio  frequencies,  the  core  of  battery 

supply  relay  sometimes  is  manufactured  from  silicon  steel  or 

is  supplied  with  tubes  (or  plates)  made  of  Permalloy  or 
tranformer  steel. 

In  step-by-step  systems  of  ATS  the  supply  relay 

simultaneously  fulfills  the  functions  of  pulse  relay,  but 
for  simplification  in  the  problem,  we  will  be  restricted  to 

examination  of  this  relay  only  as  feeding. 
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Fig-  8-1.  Circuit  diagram  of  buttery  supply  relay. 


Page  304. 

For  a minimum  circuital  current  of  battery  supply 
relay,  if  we  disregard  resistance  of  leakage  of  line  j?y,  it 
is  possible  to  write  following  expression  [ 1-6]: 

J0H,n  = — VK 

rM«HC  "*•  7J  + J},  l (S-I 

where  r*,,*,  — the  maximum  resistor/resistance  of  line. 

In  the  extreme  case  when  the  r ea istor/resistance  of 
line  can  be  considered  equal  to  zero,  circuital  current  of 
relay  will  be  equal  to: 


f V i 

ff+i rt- 


i 
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Greatest  and  smallest  values  alternating  current 
component  in  the  circuit: 


r.  i r>, 

^hihc  = A)m»kc  H Im  — lo ra  jf  j{  • 


Key:  (1).  and. 


where  r*  and  r"  - the  amplitude  of  variable  composing 

the  resistor/resistances  of  microphone  when  j0m  M and  Iom; 


and  R'u  are  constant  component  the 
resistor/resistances  of  microphone  in  the  dynamic  behavior 
when  1 oaaxc  and  ^ohh^ 


Rh  are  a load  impedance. 


Losses  because  of  reduction  in  current  in  the 
licrophone  current  supply  it  is  possible  to  express  by  the 


attenuation: 


= (8-3) 

‘tom  'OmmV^Ti  ■ •kb)  r 


where  a is  the  coefficient,  depending  on  the  electrical, 

. ^ ^ ~ i.  : ^ A .am  W 1 »•■»**  o r m i /ir  /%nL/\nn  P r~  kink 


JT.v 
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quality  microphones  value  a it  is  equal  approximately  0.45, 

The  magnitude  of  losses  of  feed  is  allow/assum ed 
tentatively  0.25-0.3  r\p. 


From  equation  (8-3)  me  find: 


^5“5*a  = _ 


(*.  + *)  A* 


(8-4) 


During 

the 

maxi 

mum  resistor/resis 

ta 

nee  of 

line. 

t he 

ba  tt 

ery  supply 

relay 

must 

wear/oper at 

e 

wit  h 

the  coefficient 

cf 

reserve 

k»; 

t he 

a m pe  re 

-turns  of 

ba 

tter  y 

supply 

relay  in 

this 

case 

will 

be 

equal 

to: 

= AWtKl  = ItmwaWTIrE* 


Vt aw 


(*,  + *)  A + 


or 


AW^Ciio*  — tf.au;  + AW^Rt  «=  0, 

whence  we  find  expression  for  *he  calculation  of  the  turn 
number  of  the  battery  supply  relay: 


Ufi±y  i/j«*  - 

“’= IaWPc\ 


(8-5) 
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The  maximu 


resistor/resistance  of  line  we  find. 


r 
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equalizing  equations  (8-1)  and  (8-4);  we  obtain: 

r"*xc  =*  +^)-  (8-0) 

If  we  assign  values  a = 0.4%  b = 0.3  and  U,/U?  = 
0.82,  then  expressions  for  the  turn  number  of  battery 
supply  relay  and  maximum  value  of  the  resrstor/resistance  of 
line  we  will  obtain  in  the  following  fori: 


u%±\ f'J-36.W«Ctfl. 

li)  — Z 1 1 1 * 

6.411', C, 


(/) 


l,46(/?a  +/?). 


Key;  (1).  and. 


Durinq  the  very  low  resistor/resist  of  battery 

supply  relay,  sometimes  are  applied  spec:  l last  resistors 

for  the  limitation  of  the  maximum  strength  of  feeding 
current  to  avoid  the  overloading  of  microphones  at  short 
exchange  lines. 


For  determining  the  attenuation,  introduced  by  battery 
supply  relay  into  speech  circuit,  it  is  necessary  to 
calculate  inductance  and  the  effective  resistance  of  this 
relay  with  alternating  current  of  audio  frequency. 


8-2 


Inductance  of  relay  with  alternating  current 


f 
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With 

the  feed 

of 

relay  by 

alternating  current 

mag  net ic 

flux  in 

massive  steel 

core  due 

to  screening  effect 

of  eddy 

i 

currents 

is  forced 

to 

the  surface  of  coie.  Therefore  the 

inductance  of  coils  with  steel  core  with  alternating  current 
is  less  than  with  constant.  The  value  of  the  inductance  of 
relay  at.  alternating  current  depends  on  the  materia  1 of  * 

core,  its  form  and  frequency  of  the  feeding  current. 

For  determining  the  inductance  of  relay  with  alternating 
current,  it  is  possible  to  use  the  given  above  formula  for 
inductance  with  direct  current,  if  we  in  this  case  into 
expression  for  Rm  instead  of  ^ we  place  average/mean 
effective  permeability  of  steel  . 

The  average/mean  effective  permeability  of  steel  of  the 
magnetic  circuit  of  the  relay,  prepared  from  sheet  material, 
can  be  determined  from  following  expression  £8-2"): 


where 


- J*  ._*/*+■«■*» 

Pi  ©hft  + 


cow/., 


«**,+  co»* 


J 


(8-7) 
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and 

(8-8) 
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Here  A — thickness  of  sheet,  they  stopped,  p - 
■aqnetic  permeability  of  material,  7l  - the  specific 
conductivity  of  the  material  of  core  and  £ - frequency 

alternating  current. 


Inductance  of  relay  depending  on 
known,  is  expressed  by  the  formula: 


turn  number,  as  is 


where 


L = A' it*, 


ftu  is  the  given  effective  reluctance 


of  relay. 


The 

presented 


resistor/resistance 
as  follows; 


of 


1 osses 


in  steel  can  be 


- -m/  •fc  /•!-«"  Pi  C „ ■* 
r*  - ~C*U 


of 


DOC  = 78012415 


PAGE  44^ 

(,  7l» 


where 


Ct 


_ «»>  Pi  — »»n  P\  _ 

ah  Pt  + sin  />, 

= 7?,a>AT.  (8-!(| 


The  effective  resistance  of  relay  is  made  up  of 
resistance  of  the  coil  to  direct  current  and  the 
resistor/resistance  of  the  losses 

R = r + r*  = C^w1  -f  Ctw*  = 

= Cw*. 

The  computation  of  coefficients  and  B,  requires 

sufficiently  much  time;  therefore  for  the  facilitation  of 
calculations  Pig.  8-2  gives  the  curves  of  the  dependences 
of  these  coefficients  on  value  pt . 

For  the  computation  of  the  effective  permeability  of 
steel  of  the  magnetic  circuit  of  relay,  prepared  from  the 
material  of  round  cross-section,  it  is  possible  to  use 
expression  £8-2]: 


...  barj^bar'n,  — beiftbal'E,  _ A (8-10) 

•‘•"ft'  bM^  + bal**  ^ 
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Value  of  coefficient  C*  for  relay  with  cere  of  round 
section  will  be  equal  to: 


Ct 


m K 


bar^ibar>,  + baif,bal',ft 

bar  h bai'  Pi  — b«i  Pt  bW  ft 


BjmK, 


where 


cross 


(8-11) 


jV"«*WWV »• 
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current  give  more  or  less  accurate  results  only  with  small 
inductions  and  the  small  thickness  ratios  of  the  material 
of  the  core  when  the  value  of  magnetic  permeability  at  tht- 
different  points  of  section  can  be  considered  constant. 

Such  conditions  we  have,  in  particular,  for  the 
telephone  battery  supply  relay. 

For  loading  with  sound  frequencies  the  cores  of 
throttle/chokes,  recoil  and  battery  supply  relays  of  the 
type  100  earlier  were  manufactured  from  circular  silicon 


steel  (about 

4o/o  Si) 

with  diameter 

6 mm,  having 

in  it 

permeability 

of  approximately  300  and 

the  increased 

resisti vit  y 

{pm  ** 

4. 8* 1 0" 7 0»m). 

However,  this 

solu 

of  problem 

it  is  not 

possible  to  co 

nsider  satisfac 

tory 

following  reasons. 


From  the  theory  of  distribution  of  alternating/variable 


magnetic  flux  over  the 

section  of  core 

C8-1  ]. 

it 

is 

known  that  absorption 

of  the  elect romagn 

etic  wave. 

wh  ic 

h 

penetrates  into  metal. 

is  determined  by 

factor 

wher 

e x 

- the  extent  of  the 

movement  of  wave 

in  ra  and 

(8-13) 


t 
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Virtually  it  is  possible  to  consider  waves  absorbed, 
when  their  amplitude  decreases  to  5o/o  of  initial  value, 
i.  e.  , when 


whence  we  obtain  the  following  expression  for  the  depth  of 
penetration  of  alternating/variable  magnetic  flux  into  the 


metal: 


-_1  In—!—-2*99 

* - * lao,o5-~r 


4,22 

V'»PmYi 
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Fig.  8-3.  Curved  of  coefficients  A?  and  B*. 


Page  308. 


For  mild  transformer  steel  of  the  brand  E or  EA,  fr 
which  are  manufactured  the  cores  of  relay  in  low  magnetic 

fields,  it  is  possible  to  count  p,  = 200  and  Yi  = — ^ — = 1-10 

fm 

S/m . For  silicon  steel  respectively  p,  — 300  and  Vi  = 2lo*  S/m. 
Dependence  curves  of  the  depth  of  penetration  of 
alternating/variable  magnetic  flux  ir  cores  made  of  silicon 
and  mild  steel  of  brand  E from  freguency  are  given  in 

Fig.  8-4.  From  these  curves  it  follows  that  at  average 
audio  freguency  1000  Hz  variable  magnetic  flux  into  core 
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(,%* 

made 

of 

massive  silicon 

steel  penetrates  virtually 

at  depth 

not 

great 

er  than  2 nun. 

the 

core  made  of  steel  of 

brand  E 

at  depth 

of  approximately  1 

mm.  Therefore  it  is  p 

ossible 

to  obtain 

larger  effect 

# if 

the  core  of  relay  is 

prepared 

not 

from 

silicon  steel. 

but 

made  of  usual  steel  o 

f brand 

E or 

EA 

above  it  to 

place 

several  cut  along  the 

length 

tu  bes 

{in 

the  case  of 

the 

flat/ plane  core  of  plat 

es)  of 

sheet 

tra 

nformer  steel 

or  Permalloy  by  thickness  0. 

35  mm. 

The 

inductance  of 

relay 

with  tubes  is  more  un 

ifortn  and 

less 

it 

depends  on  the 

strength  of  magnetizing  cur 

rent , 

since 

constant  magnetic 

flux 

passes,  mainly,  along 

basic 

section  of  the  core  of  relay- 
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Fig.  8-4.  Dependence  curves  of  depth  cf  penetration  of 

alternating/variable  magnetic  flux  into  core  from  frequency 

in  weak  fields-  1 - core  from  the  flock  of  brand  2 

core  made  of  silicon  steel. 

A(c<j  Ci)  Hi.. 

Fage  309. 

8-3.  Calculation  of  the  winding  ot  supply  relay  with 
alternating  current. 

Total  resistor/resistance  ot  relay,  as  is  known,  is 
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equa  1 to  £1-15]: 

Z = VW+riW  = V 'C*  + co'A'*  w'. 

The  value  impedance  which  must  have  battery  supply 
relay  in  order  to  ensure  the  specific  attenuation  of 
speaking  currents,  usually  it  is  assigned. 

Therefore  from  last/latter  expression  it  is  possible  to 
obtain  formula  for  the  calculation  ot  the  winding  of 
battery  supply  relay  with  alternating  current: 

2 

tf  =-  1'  — ■ - 

Y V&  + &K*  • 

The  turn  number,  obtained  : roir  this  formula,  must  be 


checked  with 

dir  ect 

current 

(8-b)  in  order 

to 

ensure  the 

am  pere-tur  ns 

of  the 

f unct ion 

of  relay  at 

t he 

maximum  length 

of  exchange 

line . 

8-U.  Curves  for  the  calculation  of  inductance  standard 
re  la  y. 

Inductance  and  effective  resistance  at  the  audio 
frequencies  of  the  normal  relay,  working  without  magnetic 
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biasing,  can  be  calculated  with  the  aid  cf  the  given  above 
formulas.  During  the  use  of  tubes  (or  plates)  and  in  the 
presence  of  magnetic  biasing  by  direct  current  the 
analytical  method  of  the  calculation  of  relay  very  becomes 
complicated.  Therefore  in  such  cases  for  the  calculation  of 
inductance  and  effective  resistance  of  standard  relays,  are 
most  better  used  experimental  data. 

Figures  8-5  gives  the  curves  of  the  dependences  of 
coefficients  K and  C on  the  magnetizing  ampere-turns  for 
relay  of  the  type  HPN  at  frequency  1000  Hz  and  in 
variable  field  of  approximately  0.05-0.10  A/cm.  Froi  these 
curves  it  follows  that  application/use  of  four  plates  (by 
size/dimension  4 x 10  x 0.35  i"ip)  made  of  transformer  steel 
of  brand  £ -46  (VP-2) , arrange/located  on  two  from  each  side 

of  the  core  of  relay  under  winding,  gives  increase  of 
inductance  approximately  2.5  times  in  the  presence  of 
magnetic  biasing  within  limits  from  o to  300  am pere- tu rns. 

The  curves  of  the  dependences  of  coefficients  K and  C 
on  frequency  with  the  different  magnetizing  ampere-turns  are 
given  in  Fig.  8-6. 

From  these  curves  it  follows  that  the  dependence  of 
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inductance  and  effective  resistance  of  relay  on  frequency  on 
logarithmic  scale  differs  little  from  straight  line. 


Similar  curves 

for 

the 

relay  of 

types 

KKN,  RKM-1, 

RK  HP,  RS- 52,  RHU, 

FS-13 

and 

RSH  are 

giver 

in  Fig.  8-7, 

8-8,  8-9  and  8-10. 
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Fig-  8-5.  Curves  of  dependences  ot  coefficients  K and  C 
magnetizing  aiipere-turns  for  relay  of  type  RPN.  I - a 
normal  relay  of  the  type  RPN;  II  - relay  of  the  type 
with  four  plates  made  of  transformer  s+eel  with  thickness 
0.35  mm.  The  thickness  of  nonmagnetic  antistick  strip:  1 

0.1  mm;  2 - 0.3  3 - 0.5  mm;  4 - 1.0  mml  5 - 3 

mm  and  6 - armature  is  removed. 


K*y  C')  H C n)  <• imp*  ft-  * t "t/if  (?) 
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Fig»  8-7„  Curved  of  dependences  of  coefficients  K and  C on 
magnetizing  aapere-turns  for  relay  of  types  RKN  and  RKH-1 
(f  = 1000  Hz).  I - a normal  relay  cf  the  type  RKN;  II 

relay  of  the  type  RKN  from  two  tubes  from  Permalloy  of 

brand  50NXC  on  core;  III  - a . normal  relay  of  type  RKM-r 

/ 

IV  are  a relay  of  type  R.KM-1  with  one  tube  of  Permalloy. 

1 - armature  normal;  2 - armature  with  grooves  (pulse 
relay) . 

A «?.•  ci)  H.  (2)  0)  Jl. 


RKMP,  RS-  52 , RS  - 13,  RMU  and  RSM.  I - relay  of  the  type 

PKHP;  II  - relay  of  the  type  RS-52;  III  - relay  of  the 

type  RS-1  3;  IV  are  a relay  of  the  type  RNTJ ; V - relay 

of  the  type  RSN.  1 - magnetic  biasing  AW  = 0;  2 

magnetic  biasing  AW  = 200  ay;  1 magnetic  biasing  AW  = a 

£ 

at;  4 - magnetic  biasing  AW  = 600  ay. 


(!)  H (^)Jl  (*)  H* 
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8-5.  Inductance  of  relay  with  quadrature  winding. 

During  interrupting  of  the  circuits,  which  feed  the 
windings  of  relay  (possessing  inductance) , appears  the  spark 
discharge,  which  strongly  destroys  governing  contacts  and 
which  threatens  by  the  blast  of  gas  in  the  shaft/raines, 
equipped  with  equipment  for  automation  and 
commun icat ion/conn  ect ions. 

For  a decrease  in  the  inductance  of  the  winding  of 
relay  (with  alternating  current)  by  its  core  under  winding 

in  its  entire  length  usually  is  placed  quadrature  winding 
or  tube  of  red  copper-  (In  certain  cases  a decrease  in 
the  inductance  is  achieved  by  the  shunting  of  the  winding 
by  semiconductor  devices  or  condenser/capacitors. 


inductance  of  relay  is  determined  very  by  many  factors  and 
cannot  be  expressed  analytically  by  sufficiently  precise  for 
practical  calculations  by  formulas. 

Due  to  the  absence  of  theoretical  and  experimental 
materials  for  the  calculation  of  the  most  advantageous 
size/dimensions  of  quadrature  winding  usually  for  a decrease 
in  the  inductance  they  try  to  apply  quadrature  winding  of 
the  largest  possible  height/altitude  (thickness).  However, 
this  often  gives  by  no  means  best  results. 


Figures  8-11  gives  the  curves  of  the  dependences  cf 
coefficients  K and  C on  the  height/altitude  of  the  test 
(nonshorted)  section  of  the  winding  of  relay  of  the  type 
RKN  at  the  different  values  of  the  height/altitude  of 
quadrature  winding  and  frequency  1000  Hz.  For  a comparison 


are  shown  also 

the  curves 

of 

coefficients  K 

and  C 

fo  r 

normal  relay  of 

the  type 

FKN 

(with  (Jetinaks 

side)  , 

not 

having  quadrature  winding  (A„,  = 0). 


From  the  curves  of  Fig.  8-11,  it  follows  that  the 
inductance  of  relay  depends  not  only  cn  the  height/a  It  it ude 
of  quadrature  winding,  but  also  on  the  height/altitude  of 
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the  test  (nonshorted)  section  of  the  winding. 

The  smallest  value  of  coefficient  K (and,  therefore, 

smallest  inductance)  will  have  relay  of  the  type  RKN  with 

quadrature  winding  by  height  1.2  mm  at  the  height/altitude 
of  the  tesv  (nonshorted)  section  of  the  winding  of 
approximately  0.8-1  mm.  Consequently,  for  obtaining  minimum 
inductance  both  windings  of  relay  must  have 

common/general/total  height  2-2.2  mm  instead  of  the  normal 
height  7.6  mm. 

The  ratio  of  the  optimum  height  of  quadrature  winding 

to  the  diameter  of  core  of  relay  is  equal  to  0.133. 
However,  at  the  low  altitude  of  the  test  section  of  the 
winding,  its  direct-current  resistance  is  obtained  by  the 

relatively  very  large  that  hardly  ever  admissible  according 

to  work  conditions  of  relay  in  circuit.  Therefore  in  many 

instances  is  necessary  to  accept  the  height/altituie  of  the 
test  section  of  the  winding  considerably  greater  optimum 
0.8- 1.0  mm* 
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With  an  increase  in  altitude  of  test  section  about  from  1 
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to  7 mm  the 

value  of 

coefficient  K 

increases 

appr 

oximutel y 

2. 6 times.  An 

i ncrease 

in  coefficient 

K with 

t he 

height/a  It itude 

of  the 

test  section  of 

the  win 

ding 

is 

explained  by 

an  increase  in  the  mean 

dia  ireter 

of 

wind ing. 

Figures 

8- 1 1 a. 

for  a 

comp 

ar  iso 

n 

sho 

VS 

by 

do 

tte 

d 

1 

ine 

th 

e 

curve 

of  the 

de pen den 

ce  o 

f cc 

ef  f 

ici 

ent 

K 

of 

- 

oi 

1 

wi 

th 

out  steel  core 

(having 

the 

siz 

e/d 

ime 

nsio  ns 

of 

t 

he 

wi 

nd 

ing  of 

relay  o 

f the 

type 

PKN) 

o 

n 

the 

hei 

ght/a 

It 

it 

ude 

of 

winding. 

designed  with 

the 

aid 

o f 

f 

or  irula 

(4 

-53 

) ♦ 

Th  is 

cu 

rv 

e has 

much  the 

same 

angle 

of 

t h 

e 

slcpe  t 

OW! 

ar  d 

th 

e 

ax 

is 

of  abscissas 

as  the 

rema 

ining 

c 

UL  V 

es 

of 

K 

f 0 

r 

r 

el  ay 

with  short-circuit  windings. 


It  is  interesting  that  the 

value  o 

f coefficien 

t.  K 

f o r 

normal  relay  (4,„  = 0),  on  the 

contrary. 

decreases 

with 

a n 

increase  in  altitude  of  the  winding  of 

relay.  Is 

expl ained 

this,  apparently,  by  the  effect 

of  the 

self-capacit 

ance 

of 

winding  of  relay,  total  number 

of  turns 

cf  which 

of 

test  °d 

relay  was  sufficiently  great:  ISOOO. 


From  the  given  curves  it  follows  that  the  inductance 


of  relay  of  the  type  PKN  at  frequency  1000  Hz  can  be 
decreased  with  the  aid  of  quadrature  winding  approximately 
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20  times  at  the  height/altitude  or  the  test  section  of 
winding  h = 0.8-1  mm  and  only  6 times  with  h = 7 mm. 

It  is  necessary  to  note  that  the  given  in  Fig.  8-11 
curves  of  coefficients  K and  c arc  tentative,  since  the 
absolute  values  of  these  coefficients  can  change  at  the 

different  specimen/samples  of  relay  within  sufficiently  wide 
limits.  The  reasons  for  such  oscil la ticn/vibrations  are  not 
accurately  establish/installed,  but  they,  apparently,  are 
explained  by  the  fluctuations  of  values  of  the  reversible 
permeability  of  steel  of  core,  by  the  effect  of  the  turn 
number  of  inducing  winding  and  by  the  thickness  of  the 

insulation  between  working  and  quadrature  windings.  From  this 
viewpoint,  more  uniform  results,  apparently,  must  give  relay 

with  pure  copper  tubes. 


Figures  8-12  gives  the  curves  of  the  dependences  of 
coefficients  K and  C on  the  height/altitude  of  inducing 
winding  of  time-lag  relay  of  the  type  RKN  with  pure  copper 
tube  with  diameter  15/9  mm  (the  wall  thickness  of  the  tube 


3 

mm)  and 

length 

70 

mm  (at 

frequency 

1000  Hz).  Inducing 

winding  of 

relay 

was 

divided 

along 

t he 

height  (to  number 

of 

turns  ) 

into 

five 

equal 

parts 

(sections),  inductance 

measured  consecutively  at  the 


height/altitudes  of  winding 
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0.75;  1.5;  2.25;  3.0  and  3.75  ram. 


In  Pig.  8-12  are  plotted  <ilso  by  dotted  line  with  the 
crosses  of  the  value  of  coefficients  cf  k and  C of  each 
of  five  armature  coils  individually.  These  crosses  are 
connected  between  themselves  for  clarity  the  stepped  dotted 
lines,  which  indicate  that  within  the  limits  of  each 
section  coefficients  K and  C have  constant  (average)  value. 


Prom  curves,  shown  in  figure,  it  follows  that  a relay 
of  the  type  HKN  with  the  copper  tube  with  diameter  15/9 
mm  (wall  thickness  3 mm,)  has  approximately  the  same  values 
of  coefficient  K as  of  relays  of  this  same  type  with 


short- 

circuit 

winding 

of 

similar  height 

(3 

mm)  , 

from 

w ire 

with 

diameter 

0.  10 

mm. 

the 

brand  PEL. 

in 

this 

case. 

the 

value 

of  coefficient 

K 

of 

relay  with 

t he 

copper 

t ube 

with 

diameter  15/9  mm  (wall  thickness  3 mm)  has  approximately 


the 

same 

values  of 

coefficient  of  K 

as 

cf  relays 

this 

same 

of 

type  with 

quadrature  winding 

of 

analogous 

he  ig  ht 

mm). 

from 

wire  as 

diameter  0. 10  ron. 

the 

brand  PEL 

. In 

this  case,  the  value  of  coefficient  K of  relay  with  the 
copper  tube  with  diameter  15/9  mm  is  approximately  1.5 
times  more  than  in  relay  with  quadrature  winding  by  height 
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on  height/altitude  of  tost  (nonshoi ted)  section  of  winding 
of  relay  of  type  BKN  at  frequency  1000  Hz. 

Page  317. 

It  is  interesting  to  note  that  the  value  of 

coefficient  K of  last/latter  (by  heel)  armature  coil,  which 
has  the  greatest  lean  diameter,  3.3  times  greater  than  the 
value  of  this  coefficient  of  the  first  (from  core)  section. 

The  average  value  of  coefficient  K for  an  entire 
winding  of  relay  is  approximately  1.  *>  times  greater  the 
value  of  this  coefficient  of  the  first  section. 


Thus, 

for 

obtaining 

the  smallest  inductance  of  relay  of 

type 

RKN 

at  frequency  1000 

Hz  it  is 

necessary  to  core 

place 

under 

inducing 

winding 

quadrature 

winding  or  pure 

copper  tube  with  thickness  (height/altitude)  about  1.2  mm 
(0.133  <).  Tke  diameter  of  the  wire  of  quadrature  winding 

must  be  eore  than  0.1  mm.  The  height/a  Ititude  of  working 
(nonshorted)  winding  must  be  as  far  as  possible  of  small. 


but  it  is 


not  less  than  0.8- 1.0  mm 
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The  insulation  between  working  and  quadrature  winding 
■ust  not  ha*e  excessive  thickness-  The  obtained  here 
conclusion/derivations,  obviously,  can  be  common  for  any 
other  electromagnetic  mechanisms,  which  have  the  magnetic 
system,  approximately  analogous  to  the  magnetic  circuit  of 
relay  of  the  type  RK  N. 

8-6.  Examples. 


1. 

Let 

us  determine  inductance 

a nd 

effective  resistance 

of  re 1 a 

y of 

type  RK  N 

in  frequency 

1000 

Hz, 

cleara  nee  1.1 

mm  and 

variable  field 

approximate! y 

i n 

0.06 

A/cm. 

DOC  » 7 HO  12416 
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( izi* 


Ely.  b-12.  Depen  dunce  curves  ot  coefficients  K ami  C 
against  height/altitudes  of  inducing  binding  of  tiwlag 
relay  of  type  RKN  at  frequency  1000  H*  (A *-»*•)• 

Key:  (1)  • 8.  (2)  . oha. 


Page  J18. 


core,  housing  and  araature  are  iiade  made  of  steel  ot 
brand  F.  Nuaber  of  turns  of  winding  eOOO.  The  voltage  of 
speakiny  currents  on  the  datua  level  ot  transmission  about 
0.7»;  the  average  strength  of  field,  created  by  these  coi 
currents  of  relay,  let  us  accept  as  the  tentatively  equal 

to  OwOb  A/ca. 
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Per meab ility  with  H = 0.06  A/cm  according  to  foriul; 


(4-1) 


|i  = |»,(l  + l,25(J//)  = 170  (1  + 1,25  7.7  0.06)  = 274. 


The  specific  conductivity  of  steel 

Yi  = = 0,935  • 10’  cum  'm. 

rm 

Key:  (1).  s/». 


Equivalent  thickness  of  material  with  frequency  1000  Hz 

a = Vi  yi_ 

pi  v <*WigY,  V 62ST274'.  0,935  • 10’  • 4»  10'*  -3-1610*-" 

The  housing  of  relay  is  made  made  of  sheet  steel,  and 
core  from  circular;  therefore  it  is  necessary  to  determine 
effective  permeability  separately  for  core  and  housing. 


For  the  housing,  prepared  from  sheet  steel  by  thicki 


4 mm. 


4 • 10-« 

^=3-J6-i0^  = 12'6- 


From  the  curves  of  Fig.  8-2,  we  find  values  of 
coefficients  and  B,  for  the  housing  cf  the  relay: 

A,  = 0,08  B,  = 1,0. 

Effective  permeability  of  the  housing  cf  the  relay 

Pi  = 0,08. 274  - 21,9. 
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For  the  core  of  relay,  prepared  from  round  bar  steel 
by  diameter  9 on. 


* ,/ 9 - 10  * 

A"  j i “W*.Yi  - — j — 


Fro«  the  carves  of  Fiq.  R-1,  we  find  values  k?  and 
82  for  the  core  of  the  relay: 

At  - 0,08  ^ B,  «=  0,98. 

Effective  peraeability  of  the  core 

K “ 'V  - 0.08  274  - 21 ,9. 

Effective  reluctance  1 m of  the  length  of  the  magnetic 
circuit  of  the  relay 


1 1 1U»  1U>  1287  I 

" “ P,**.  + = 21,4  0,8*.  + 21,6  0,836m  “ "fT 


10*  1297  , ,ill 


A-t/«b**. 


Armature  has  thickness  2 mm,  mean  section  0.41  cm2  and 
useful  length  1.5  cm;  conseguent 1 y , foi  the  armature 

2 • 10* 

h “ 3,i6 ! jo*4  “ 6,331  A = 0,16  u\x\b 


» 1.510*  8.3  . I!'! 

516  • 2>4  ■ O.iliTT  *e  TT~  MM 


Key:  (1).  A-t/»b. 


4*  m 
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The  reluctance  of  clearance  is  equal  4.5/m0. 


Con no n/gen era  1 /total  reluctance  of  the  clearance  of  the 


relay 


K 12-8  ,^'L, 

"|*“H — M«fl. 

»*•  m m * 


Key:  (1).  A-t/Wb. 
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The  specific  conductivity  of  leakage  fluxes  for  relay 
of  the  type  RKN  is  equal  to  3.6- 


Value  of  the  coefficient 


_ 7 • 10**  V 3,<Mf2S7  , _ 

? “ th  / 1^  “ rh)  i6  * ^5X1597  “ 4,78 

Given  effective  reluctance  of  the  relay 


4.78  12,8  + 7 - 10-«  . 1297  t1'.. 

j28 i -7,9  10T 

’ / 1 mo  a\  I I — <A-t 


12  8 1 

, + 7-nrf’-T257^78-i)|in  10- 


Key:  (1).  A-t/lb. 


Value  of  coefficient  K for  relay  at  frequency  1000  Hz 


A -jp  ~y^-1,26  10  • »Hl^ 
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Key:  (1).  H. 


Value  of  coefficient  C at  the  sane  frequency 

C -r,  4 * *'  mK  - 0.375  10  • + *- 1 £*1-6280  1,28  I0  «-8.ZT  10  W >' 

Ray:  (1).  oka. 


Inductance  and  the  effective  resistance  of  relay  at 
frequency  1000  a*  uill  be  respect i wo  1 > equal  to: 

/.  - Air*  - 1,28  10  • 8000*  - 0.81  my  \ \ 

R - Cir1  - 8.23  10  « 8000*  - 5270  m*.  ^ 

Key:  (1).  N*.  (2).  ohn. 

2.  Let  us  deter  nine  parameters  ot  worker  and  quadrature 


windings  of 

rela  y 

0 f 

type 

RKN, 

if  inductance  of  this 

relay 

at  frequency  1000 

Hr 

nust 

be 

not  more 

than  0.15  H. 

the 

voltage  of 

batter  y 

2« 

v. 

the 

value  0 1 

circuital  current  of 

relay  IS  nA.  Ear 

a 

reliable  work,  with 

the  assigned 

1 oad 

cf  relay. 

nust  have 

not 

less 

than  120 

unpere-turns  . 

Turn 

number  of 

the  winding 

of 

t he 

relay 

120 

r “ 07*3  “ 

So  that  the  inductance  of  relay  would  be  less  than 
0.1S  II,  the  value  ot  coefficient  K nust  be 


L 

»• 


0.1S 

“IMF  “ 


0.234  10-* 


DOC  = 78012416  PAGE  HT* 

7 O' 


Key:  (1).  H. 

From  the  curves  of  Fig.  8-11,  we  find  that  at  the 
height/altitude  of  quadrature  winding  1.2  mm  and  K = 
0»23U«10~8  the  height/altitude  of  inducing  winding  of  relay 
must  be  not  more  than  6.1  mm,  but  coefficient  C will  be 

equal  to  1 . 8 • 10~  * to  ohm. 

The  diameter  of  wire  and  direct-current  resistance  of 
inducing  winding  with  h * 6.1  mm  and  w = 8000  will  be 

respectively  equal:  d = 0.19  mm  (PEL)  and  r = 262  ohm. 

Inductance,  the  active  and  impedance  cf  relay  at 

frequency  1000  Hx  will  be: 

1 = 0,15  A « = 1,8  10-*  8000*  = 1150^  ■ Z = 1486  JS') 

Key:  (1).  H.  (2).  ohm. 

If  the  height/altitude  of  inducing  winding  is  accepted 
egual  to  1 mm,  then  the  wire  diameter  will  be  equal  to 

0.06  mm  (PEL),  but  direct-current.  resistance  will  increase 
more  than  6 times  and  will  be  equal  to  1610  ohm. 


DOC 
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’age 

320. 

[ho 

inductance  of 

relay  in  this  case  will 

be 

a ppr  ox  imate 

lm  5 

times  less,  but  impedance  is  2 times 

more. 

namely : 

L - 0,006  to  • • 800 0*  = 0,0615 

<ey: 

(1).  the  H 

and 

H = 3,87  • 10-*  • 8000*  = 2480 

Key: 

(1).  ohm. 

But  a voltaqe 

drop  across  the  winding 

of 

rela  y in 

th  is 

case  will  be 

too  greatly:  U = 0.015 

• 16  10 

= 24.2  ' 

In  the  absence  of  quadrature  winding. 

the 

inductance 

and 

the  effective 

resistance  of  this  relay 

would  be 

respectively  equal 

to: 

1.  =r  1,24  r^n  - MW0  <WrN. 
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Chapter  Nine. 


HFATING  THE  WINDINGS  OF  RELAYS. 


9.1.  Heating  with  a constant  value  of  power  input. 


The  thermal  field  of  the  winding  of  relay  is 
three-dimensional,  and  its  structure  is  heterogeneous. 

However,  within  the  winding  of  the  relays,  with  the 

exception  of  places,  located  in  immediate  proximity  to 
bounding  surfaces,  the  gradient  of  temperature  is  small,  and 

temperature  in  the  height/altitude  of  winding  differs  little 
from  average. 

Therefore  for  the  engineering  calculations  by  the 
gradient  of  temperature  within  the  winding  of  relay,  it  is 

possible  to  disregard  and  to  consider  heat  flux  through 

bounding  surfaces  proportional  to  the  difference  between  mean 
temperature  of  winding  and  the  ambient  temperature. 


* 


DOC  * 780  12416 


PAU  K & 


n 


the  heat  removal  from  the  winding  of  relay  by  natural 
or  forced  cooling  is  realized  by  three  fundamental  methods 
of  the  heat  transfer:  by  thermal  conductivity,  convection 
and  emission/radiation.  Heat  emission  by  means  of  thermal 
conductivity  is  proportional  to  temperature  excess  in  the 
first  degree  (fourier  lav),  heat  transfer  because  of 
convection  during  natural  cooling  is  proportional  to  the 
temperature  of  reheating  in  degree  of  approximately  1.2S, 
while  heat  emission  caused  by  einission/rudiation  is 
proportional  to  a difference  in  the  fourth  decrees  of  the 
absolute  temperatures  of  the  surface  of  the  radiating  body 
and  surrounding  air  (law  of  stophan-Holtzmann)  . 

Consequently,  overall  heat  emission  by  hot  body  is 
complex  function  of  its  temperature. 

However,  the  overheating  of  the  windings  of  relay 
usually  has  comparatively  small  value;  therefore  tor 
tentative  engineering  calculations  it  is  possible  to  be 
restricted  to  one  average  heat-transfer  coefficient  g, 
counting  the  value  of  its  constant  during  small  changes 
temperature  of  winding. 
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Let  us  examine  the  mode  of  heating  the  winding  of 
relay.  For  simplicity  let  us  assume  that  the  windinq  is 
ideal  uniform  solid  body,  which  is  heated  completed  evenly 
and  temperature  of  which  in  all  points  is  identical. 

Page  322. 

Then  for  heating  of  winding  it  is  possible  to  write  the 
following  equation: 

P dt  = Soi  qbdt+Qc dt,  (9-1) 

where  P - the  power  in  ¥,  which  is  isolated  in  winding, 

1 s,  Sot  - the  cooling  surface  of  coil  in  cm*,  q 
heat-transfer  coefficient  (specific  heat  emission)  in 
B/cm?»deg;  » - temperature  excess  of  the  winding  above  the 

ambient  temperature  in  °C  - 0-  the  weight  of  winding  in  g 
and  s - specific  heat  in  J/g»deg. 

If  power  input  is  constant,  then  the  temperature  of 
body  gradually  is  raised,  dissipation  of  heat  increases,  and 
the  excess  of  heat,  which  goes  to  an  increase  in  the 
temperature,  decreases*  Through  certain  time  the  excess  of 
heat  will  mate  equal  to  zero,  and  the  temperature  of 
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winding  will  be  achieved  the  steady  value. 

In  this  cas«  d»,  is  equal  to  zero  and 

P-S„q9  y,  (9-2) 

where  $ - established  temperature  excess. 

From  last/latter  equation  we  obtain  formula  for  steady 

temperature  excess  of  uniform  body  (Newton's  formula): 


Virtually  the  winding  of  relay  is  heterogeneous  body; 
furthermore,  cooling  conditions  of  the  external  and  internal 
surfaces  of  coil  are  different.  The  external  cylindrical 

surface  of  coil  freely  washes  by  the  ascending  air  and  it 

is  cooled  well*  and  internal  (cylindrical  or  rectangular) 

surface  gives  up  heat  to  the  steel  core  of  the  relay 
through  the  layer  of  insulation  (coil  fora),  which 

separate/liberates  winding  from  core. 

The  heat  removal  on  the  internal  surface  of  coil 
depends  on  thickness  and  thermal  conductivity  of  the  layer 

of  insulation  (or  framework/hody)  , the  value  of  air  gaps 

between  the  winding  and  the  core  and  of  thermal 
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conductivity  of  the  magnetic  circuit  of  relay.  Because  of 
this  the  temperature  in  the  different  layers  of  winding  i: 
different. 


Faces  of  coil  are  usually  small  in  comparison  with  its 
external  (cylindrical)  surface;  furthermore,  they  are  largely 
closed  by  thick  jaws  out  of  getinax  (or  plastic).  Therefore 

the  heat  removal  through  faces  can  be  disregarded. 


However,  when  the  diameter  of  coil  is  greater  than  its 
length,  the  cooling  surfaces  of  jaws  must  be  considered. 


Page  32J. 


Average  steady  temperature  excess  of  the  winding  of  the 
relay  of  the  direct  current  above  the  ambient  temperature 
at  steady-state  thermal  condition  can  be  expressed  by 
following  formula  (1.  9-5]; 


*rm,i(Sa  + »Sj' 


where  - the  external  cooling  surface  of  coil  in  cm*, 

- the  internal  cooling  surface  of  coil  in  cm*  and  a 
the  coefficient,  depending  on  the  value  of  the  heat 
emission  through  the  core  of  relay. 


I 


” 


I L 
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The  experimental  investigations,  carried  out  on  relay  of 
the  type  RKN,  showed  that  the  value  of  coefficient  a of 
these  relay  usually  varies  within  limits  from  0.9  to  I.J. 

Of  the  relay  of  large  overall  size  with  the  frame-less 
compounded  winding  from  heavy-gauge  wire,  coefficient  a 
reaches  to  2.4. 

The  value  of  the  internal  cooling  surface  of  coil 
usually  is  considerably  lower  than  external;  therefore  a 
change  in  coefficient  of  a comparatively  little  affects  the 
final  result  of  calculation- 

For  the  practical  engineering  calculations  of  heafing 
the  electromagnetic  relays  of  direct  current,  the  calculated 
value  of  the  cooling  surface  of  coil  is  usually  accepted 
equal  to  the  sum  of  the  external  and  internal  cooling 
surfaces  of  the  coil  of  relay. 

In  this  case  for  the  average  value  of  steady 
temperature  excess  (overheating  of  the  winding  of  relay  we 


obtain : 


(&-*) 


WJ.f.'.l  1 — uu.U,  11IIMI 

— ~~~ — . — r — > — ... — 

n 
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where  qx  lean  (condit ional)  heat-transfer  coefficient 

of  the 

coil  of  relay,  determined  exper imerta 1 ly,  and 

the 

calculated  cooling  surface  of  coil. 

Below,  in  § 9- 

7,  it  is  shown,  that  the  value 

of 

- 

1 

average  heat-transfer 

coefficient  depends  on  the  tem 

perature 

! 

of  winding  (9-46) : 

0i  = 0»  + “ 0#  + * (®«  + ^y). 

i 

; 

where  q0  is  an  average  heat-transfer  coefficient  of 

winding 

; 

with  temperature  of 

0°C,  e - tangent  of  the 

slope/inclination  of 

the  curve  of  dependence  qt  on 

the 

] 

temperature  of  winding,  90  - an  ambient  temperature 

and  9 

mean  temperature 

of  the  winding  of  relay. 

Substituting  in 

eguation  (9-4)  instead  of  gj  its  value 

of  the  given  below 

formula  (9-46) , we  obtain  more 

exact 

expression  for  average  excess  of  the  temperature  of 

the 

1 

winding  of  the  relay: 

: 

whence 

T ^.I*.  + *(«,  + «y)r 

j 

i 

1 

• 

-Y¥¥^  (M. 

1 

I 

i 

r 

tr 

| 

i 

'( 

• • 

i 

j 
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Page  324. 

The  investigations,  carried  out  by  author,  shoved  that 
if  vas  known  the  taaperature  of  the  overheating  of  the 
winding  of  relay  the  temperature  of  surrounding  air 

9ol,  then  the  teaperature  of  the  overheating  of  the  winding 
of  this  relay  with  the  same  power  and  different  ambient 
temperature  0O2  can  be  determined  by  the  following 
approximation  formula  [1.  1-15]: 

•r,*=«Y,|l  -(1.91  + 0,0036  0,,).  10-' (eM -©„)].  (9-6) 

If  the  initial  aabient  temperature  e01  = 20°C,  then 

#„  =*  »rt  |1  — 0,00198  (0„  -20)].  (9-6a) 

Hence  it  follows  that  with  the  same  amount  of  power 
in  winding  with  an  increase  in  the  temperature  of 
surrounding  air  by  l0°c  (within  limits  from  0 to  100°C) 
overheating  of  the  windings  of  electromagnetic  minia ture/sroa 11 
relays  (without  jackets)  it 


decreases  approximately  by  2o/o. 
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Establish/ installed  cond it  ions/mode. 

Por  obtaining  the  dependence  of  temperature  excess  of 
the  winding  of  relay  (ideal  solid  body)  from  time  let  us 
substitute  into  equation  (9-1)  instead  of  p its  value  from 

expression  (9-2)  s we  will  obtain: 

<dy -fled#  dt- 

Key:  (1).  or 


where  t •=  5— 


tine  constant  of  honing. 


In  this  case,  value  g let  us  consider  not  depending 
on  temperature-  Integrating  last/latter  equation,  we  obtain: 

,"T  5 |— !«(♦,  — 0)  + e,). 

Integration  constant  we  find  from  initial  conditions.  with  t 
* 0,  we  set/assume  a = 80;  then  e,  - In  (6,  — ♦,). 

Substituting  in  equation  for  t instead  of  ct  its  value,  wo 
find: 

(■t( — In  (tf  — ♦)  + In  (♦,  — *“  — t In  ^ ^ ^ . 

From  this  equation  we  obtain: 

_ I 
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With  t * 0.  w«  h ave  consequently,  f » In 

Substituting  the  value  of  c,  we  will  obtain: 


whence  we  find: 

I 

(9-8) 

The  tine  constant  of  heating  the  winding  of  relay 
depends  on  the  heating  tine,  si  net  relay  is  heterogeneous 
body,  which  consists  of  different  materials  (copper#  enamel, 
paper,  varnished  canbric,  steel,  etc.)  with  different 
specific  heat  and  different  thermal  conductivity. 

Furthermore,  in  the  process  oi  heating  the  winding  of 

relay  heat  partially  is  transmitted  steel  of  the  magnetic 
circuit  through  the  layer  of  insulation  and  air,  which 
separate/liberates  core  from  winding.  Therefore  the  precision 
deter ninat ion  of  the  time  constant  of  heating  the  winding 
of  relay  is  very  complex  problem. 


For  practical  calculations  it  is  possible  to  us<*  the 
simplified  approximation  formula  fl.  4-1(),  4-i2): 


* tt— 


<«-») 


where  ia  beat  capacity  of  copper  and  insulation  ot 
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winding,  Q ^ - heat  capacity  they  will  stop  magnetic 
circuit  and  b - the  coefficient,  considering  the  heat 
transfer  froa  winding  to  steel. 


The  value  of  coefficient  b depends  also  on  the  time 
of  heating  and  value 


(9-10) 


i 


i 


A 

1 


With  the  tiae  of  heating  t > -r/3  and  to  good  heat. 

transfer  froa  winding  to  core  (frame-loss  windings)  value 

6.  — 0,55, 

^ at  poor  heat  transfer  b,  — 0,45. 

I 

with  the  tine  of  heating  t < t/3  and  n * 1 . 25;  b, » o,55 

and  *,.0,45;  *ith  n > 5;  b„  » 0,275  and  bB  - 0,225. 


*ith  t < r/3  and  1.25  < n < 5:  b„  = 0,55( 0,5  + 0,5 

“nd  6b -0,45  (0,5  + C.5-5^). 


Page  326. 

I 

* 

It  is  necessary  to  also  consider  that  the  constant 
value  of  the  tiae  of  heating  winding  depends  on  the  mode 
of  the  work  of  relay  with  direct  current  or  with 
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were  obtained  approximate  values  ot  the  time  constant  of 
heating  for  the  relay  of  different  value  and  weight, 

referring  of  the  length  of  core  tc  its  diameter 
approximately  from  3 to  8- 

With  the  aid  of  these  data  in  Fiq.  9-2  are 
constructed  the  curves  of  the  dependences  of  the  time 

constant  of  heating  the  windings  of  valve  type  relay  on 
weight  of  relay  with  U = const  (curved  1),  I = of  const 
(curved  2)  and  P = const  (curved  3).  These  dependences  in 
logarithmic  scale  are  expressed  by  straight  lines  and  can 
be  determined  by  the  following  approximation  formulas: 

(0,77 -t- 1,07)  V^?  Dpn  P — const,  j 
t««s(0,6h-0,9)  V~Q  U = const,  > (9-11) 

T< (1 ,0 -t- 1 ,4)  / = const,  ) 

Key:  (1).  with. 

where  r is  time  constant  of  heating  relay  in  minutes  and 
* - the  weight  of  relay  in  grams. 


him  m m u ii , 


'HifrailiWu.il  i.i  1 1 


!FIL'  uw 
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Fig.  0-2.  Tentative  curves  of  dependences  of  time  constant 
of  heating  winding  on  weight  of  relay  with  8 = b 0°c  and 

0O  = 20°C.  1 - U = const;  2 - I = ccnst ; 3 - P = 

const. 

Key;  (1).  min.  (2)  . g. 


Page  320. 


Solving  together  equations  ( 0-5 3a)  and  (O-SOa)  relative 
to  o and  substituting  its  value  in  expressions  (0-11),  we 
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obtain  the  approximation  formula::  for  t ho  time  constant  of 
heat  in q depending  on  t ho  cooling  .surface*  of  tho  winding  of 

the  relay: 

x 1 .15 } SI  v„  0,94  VSi  x,  -O  ,25  { Si . (9-12) 

9-2.  Heating  with  a constant  vaiu*  of  the  conduct  a d/supp  1 i od 
voltage. 

The  dependence  of  the  r es  i :;t » 171  t*s  is  t ,t  nee  ot  wire*  on 
temperat ure,  as  is  known,  is  expressed  by  the  following 
formula: 

H~H,  1 1 +«(«-e,)|»/f,(l  + oft),  (9-13) 


where 

Ro  * 

wind ing 

impedance 

at  initial 

tern  perntor? 

rt0  an 

a - 

temperature  specific  r«si 

stance  of  t 

copper  wire 

who  se 

va  1 ue 

wit  hin 

lisits 

from  -200 

to  ♦J00°C 

is  equal 

to 

“’BIXFV  <9'14) 


This  dependence  they  frequently  use  tor  determining 
average  temperature  excess  of  the  heated  winding.  from 
equation  (9-13)  we  find  formula  for  determining  average 
temperature  excess  of  the  windiug: 

d“J?l^t(234*5  + e«)  (9-15) 


jr 


w 
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wh«c®  9,  - the  ambient  temperature  at  the  end  af  the 

heating. 

In  local  circuit  the  winding  cf  relay  is  included  to 
assigned  d irect/consta nt  voltage  of  battery;  in  this  case 
the  coil  losses  of  relay  do  not  remain  constants,  but  are 
gradually  decreased  with  an  increase  in  temperature  eicess: 

„ V V • P. 


**(,+WfW)  l+w+Jfcr  ’ 


where  R0  - winding  impedance,  measured  at  the  temperature 

of  surrounding  air  0„i#  usually  equal  about  20®C,  Pa 
the  initial  power,  consumed  by  the  unheated  winding  of 
relay  at  the  moment  of  its  connection/inclusion  at  the 
ambient  temperature  e01  and  0y,  - temperature  excess  of 

the  winding  above  the  temperature  60  i * 


Page  329. 

If  relay  is  located  at  another  ambient  temperature 
then  0 = 90*  ♦ 3 o 2 , and  the  reguired  power  will  be  equal 

to: 


P - 


P.  (234,5 +®„)  /U.lfi.l 

” anrii  1*  . 


A^,+®»2  — ®„  SCT+  ®m 

1+-35J?+S4r- 


where  #y|  is  in  excess  of  mean  temperature  of  the  winding 


/ 


l 
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afcov p the  ambient  temperature  0O?. 


Let 

p and 
obtain: 


us  substitute  into  equation  14-4)  instead  of 
q0  of  their  value  from  (9- 16  a)  and  (9-u6)  ; ve 


#y2  ' 


P (234,5  -I  »„) 

wy+ST+M  _Mg4’5  + y_  - 

|f. +.(««+ .c^MK”4*-1-*-^ 


vain  es 


«rtS + «(«M  + Ml  (234.5  + + M - pM  (234,5  + e„)  - o. 

After  conversions  we  obtain  the  expression.  which  is 

the  equation  of  cube  relatiwely  M: 

^1#.  + <(234,5  + 28,j  f Ml  + M*  + ^e^234'5  + «h)~ 

_J*(234.5  + e„)  = 0. 

rot  siaplif ication  let  us  introduce  the  followinq 

designations:  m.A 

At  = g,  + <(234,5  + 20H  + M'.  “ (9»  + «M(234,5  +■  6m)  * 

C,  = ^(234,5 +6m), 

Then 

Value  M usually  is  within  the  li.its  from  20  to 

80°C  and  it  is  small  in  comparison  with  sum  (234. S 

2e02)  * Therefore  it  is  possible  sufficient  for  practical 
calculations  by  accuracy  to  accept  value  A,  equal  to: 

ii, ew  9.  + <(234,5  -f  20*  + 50)  «v  9,  -f<(285  + 20«). 


V 
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Solving  quadratic  equation,  we  obtain  the  approximation 
formula  for  detenininq  the  moan  value  of  the  excess  of 
temperature  of  the  winding  above  the  temperature  of 
surrounding  air  at  the  constant  value  of  the  applied 


voltaqe: 


«*.  -t 

2At 


If  during  calculation  value  proves  to  be  much 

more  than  c>0°C , then  value  A,  can  be  refined  and  repeated 
calculation  at.  the  new  value  A,. 


Thus,  by  successive  repeating  it  is  possible  to 
determine  value  with  sufficient  accuracy. 


Page  3 30. 


If  we  accept  the  value  of  the  uvoraqe  heat-transfer 
coefficient  qt  of  constant,  that  virtually  it  is  possible 
to  allow  only  at  the  small  temperatures  of  overheating  and 
during  small  changes  in  the  ambient  temperature,  then  for 
the  temperature  of  the  overheating  of  the  windinq  of  relay 
at  the  ambient  temperature  0„*  we  will  obtain  the  following 


Il 
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expression!  1.  1-15]: 


284,5  ■+•  9.1 


S-  _l],  (9-18i 


where 


In  these  forwulas  - steady  temperature  excess, 

which  has  the  winding  of  relay  at  the  awbient  tern perature 
0o | , if  the  initial  required  power  Pa  does  not  change  and 
9,  - temperature  excess  of  the  winding  of  this  ralay  on  1 

W (specific  temperature  excess). 
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Fig.  9-3. 

Dependence 

cur  ves 

of 

st  ead y 

teirperature  excess  of 

the  winding 

of 

the 

relay 

a bove 

the 

temperature  of 

surrounding 

air 

f rom 

val  ue 

♦|P„ 

at 

U = const. 

Key:  (1).  Ambient  temperature. 
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Figures  9-3  gives  dependence  curves  cf  steady 


I 
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tempest  ur»*  ®xcess  of  the  winding  ot  ihi>  relay  ahov**  the 

temperature  of  surrounding  air  o0,  at  constant  valu*  of  t h* 

conducted/suppl  ied  voltaqo  from  temperature  oxcfss  in  ! 

fl0,  * 20°C,  constructed  by  author  with  the  aid  of  formula 
19-18)  . 

At  a constant  value  of  the  applied  voltage,  the 
temperature  of  winding  grows  fiist  faster  than  with  constant 
losses.  The  time  constant  of  heating  with  direct /co nsta nt 

voltage  is  equal  [1.  1-15]: 

***=-.  (9-19) 

1 + | i + *•♦„ 

the  initial  section  of  heating  curve  virtually  coincides 
with  exponential;  however,  subsequently  with  an  increase  in 

the  temperature  of  the  winding  ot  the  less  gradually  are 


decreased  and 

the 

velocity  of  the 

increase  of 

tern per at uro 

considerab ly 

• 

slows 

down.  Therefore 

for  achievement  of  final 

conser vati ve 

value 

of  temperature. 

is  required 

approximate! y 

5 times  of  more  time,  than  in  t he  case  damping  constant 
in  winding. 


Simplified  formulas  for  the  calculation  of  the  temperature 
of  overheating  of  the  windings  of  relay. 


r 
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The  determination  ot  the  tempt* rat  me  of  the  overheating 
of  the  windings  of  relay  with  the  aid  of  formula  (9-17) 
requires  comparatively  much  time. 

within  the  limits  of  a chang i in  the  temperature  ot 
the  overheating  of  the  windings  ot  relay  approximately  from 
15  to  90  °C  can  be  obtained  considerably  simpler  and  more 
convenient  approximation  formulas. 

Figures  9-4  gives  average  dependence  curves  of  steady 
temperature  of  overheating  of  the  winding  of  the  relay  of 
types  RFSfl,  RES9,  RES10  and  RKSlh  from  the  value  ot  the 

applied  voltage  at  the  temperature  of  surrounding  air  of 
ap prox i mat  el y 20°C  and  normal  atmospheric  pressure.  These 

curves  within  the  limits  of  most  frequently  encountered 

values  of  the  temperature  of  the  overheating  of  windings 
ap prox imat el y from  35  to  90°C  do  not  in  practice  differ 

from  straight  lines. 
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Let  us  multiply  numerator  >»n<1  the  denominator  of  the 
right  side  of  equation  (4-20)  on  1^,  we  Mill  obtain: 

*»'  = v't  (^r*  + ^«w>)  — 6«o,  (9-20*  i 

where  p0  - the  resistor/resistance  of  unheated  winding  at 
temperature  of  20°C  (initial  winding  impedance). 


Let  us  designate; 

a = (^yi  + #«•)•  (9-21) 

Then  for  determining  mean  temperature  of  the  overheating 
of  winding  within  limits  from  IS  to  90°c  at  the  constant 
value  of  load  voltage  of  relay  we  obtain  from  equation 
(9-20a)  the  very  simple  formula: 


dyi  = a — 0*0  = a \rPu i — d«t, 


(9-22) 


where  Pn  — the  initial  power, 
at  voltage  tJl  and  temperature 
connection/inclusion  of  winding 
which  characterizes  construction 
relay  and  — the  pcint  of 


consumed  by  unheated  winding 
♦20°C  (at  the  moment  of  the 
Pm  = U\iRt);  - the  coe  f f ic  ient  , 
and  the  site/dimensions  of 
intersection  of  the 


continuation  of  the  straight  line  cf  overheating  with  the 
negative  section  of  axis  of  ordinate. 
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The  value  of  coefficient  of  a for  any  type  of  relay 
can  be  found  experimentally- 

For  determining  value  it  is  necessary  to  measure 

the  temperature  of  the  overheating  of  winding  within  limits 
from  35  to  90°C  at  two  different  values  of  voltage. 


Tn  this  case  from  equation  (9-20)  we  obtain  for  0M« 
the  following  expression: 


«-o  = 


(9-23) 


Page  333. 


Investigations  showed  that  ^uo  tor  the  different  types 

of  miniature/small  relays  at  ambient  +enperature  of  20°C 
oscillates  within  limits  approx  imat*  ly  rrom  2 3.1  to  33.6°C. 
The  average  value  of  quantity  Gli0  is  equal  to  28.5°C.  The 


de  via  tions 

of 

value  0u# 

of 

different  types 

of  relay 

from 

average  value 

are  ♦5-  1 

and 

-5. 4°C  (+18  and 

-19o/o)  . 

At 

at  mospheric 

pressure  50 

m m 

Hg  t.'inpiratures 

20°C  value 

of 

quantity  oi0  for  the  different  types  or  relay  varies  within 
limits  approximately  from  26.7  to  17°c.  Average  value  is 

equal  to  31°C. 


^ 


I 

I 
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In  Fig.  9-5  are  constructed  dependence  curves  of  steady 
temperature  of  the  overheating  of  the  windings  of  the 
different  types  of  relay  under  normal  conditions  at  constant 
load  voltage  of  relay  from  the  initial  fewer,  consumed  by 
unheated  winding  at  temperature  of  20°C. 

The  scale  of  grid  along  the  axis  of  abscissas  is 
proportional  to  sguare  root  of  initial  power.  On  this  scale 


grid  these 

curves  within 

the  limits  of 

changes 

in 

t he 

tempe  rature 

of  the  overheating  of  windings  from 

35 

to  90°C 

do  not  in 

practice  differ 

from  straight 

lines. 

The 

va  lue 

of  coefficient  a is  equal 

to  the  slope 

tangent 

of 

these 

direct/straight  to  axis  ordinates: 


Table  9-1  gives  average  values  of  coefficients  of  a 


and  ^ for 

the 

different 

types 

of 

relay  at  ambient 

temperature 

20°C 

and  two 

va lues 

of 

the  atmospheric  pressure: 

760  and  50  mm  Hg,  obtained  experimentally.  On  by  the  datum 


of  Table  9-1  and 

Fig. 

9-6  are 

constructed 

the 

cur  ved  1 

and  2 

dependences 

of 

values  a 

and  a,  (led 

to 

values,  with 

re  spect 

equal  to 

28.5 

and  3 1 °C) 

from  the 

size/dimensions  of 

cooling 

surface  of 

t he 

winding 

of  relay  at 

differs  nt 

atmospheric  pressures. 


\ 
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rut 


temperature  of  overheating  of 
power  at  constant  value  of 


of 

the 

type 

RES8;  2 - relay 

of 

the 

type 

RES  10 ; 4 - 

voltage  and  ®«  — 20*C: 
of  the  type  FFS9; 
roiav  of  the  tvpe 


1 - relay 

3 - relay 

RESlh. 


fir  '* ; - > ; fc--c 


D(K:  = 7H0 12417 


Pago  314. 


Table  9-1.  Average  values  ot  coef  t ic  n-iit  s ••*«••*  and  a, 


TtO  MM  pm.  M. 
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where  a0  and  c are  constant  coefficients. 


The 

value  of  coefficient  a 

0 is  equal  to 

value 

Of 

a 

with 

the 

cooling  surface  in  1 

cm*,  ami  coefficient 

c 

is 

equal 

to 

the  slope  tangent  of 

straight  line 

to  the 

axis 

cf  abscissas. 


From  the  curves  of 

Fig. 

9-5, 

WO 

f ind:  at  the  normal 

atmospheric  pressure  a0 

= 1h4 

and 

c 

= 0.18,  and  at  the 

pressure  50  mm  Hg  a'0 

= 20  5 

a nd 

c • 

= C. 38. 

consequently,  at  normal  atmospheric  pressure  and  ambient 
temperat  ure  20°C 

• (®-24a) 

Substituting  in  equation  (*>-22)  instead  of  a and 
their  values,  wa  obtain  for  determining  mean  temperature  of 
the  overheating  of  winding  at  thr*  constant  value  of  load 
voltage  of  relay  under  normal  conditions  (ambient  temperature 
20°C)  the  following  approximation  formula: 

0 ~ _ 28,5-  28,5.  (9-25) 


— — — ■ ■ 
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Fiy-  9-6.  Dependence  curves  of  corrected  values  of 
coefficients  of  a,  a,,  b anil  t>,  flow  value  of  calculated 

cooliny  surface  of  winding.  1 - atmosphor  ic  pressure  p 

760  mm  Hy;  2 P ■=  SO  mm  Hy,  > - P = 760  mm  Hy  ; <4 

P = SO  mm  Hy. 

Pa  ye  3 36. 

This  formula  is  used  within  the  limits  of  a ehanyo  in 

the  temperature  of  the  overheat iny  of  the  windiny  of  relay 

approximately  from  35  to  90°c  under  normal  conditions 
(temperature  of  ambient  air  2 0 0 C ) _ 


V 
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At  atmospheric  pressure  SO  mm  Hy  and  temperature  20°c 
temperature  of  the  overheating  of  winding  at  constant  load 
voltage  of  relay  will  he  equal  to: 

«, ~31  = 205  S^U  (9-25«i 


Error  during  the  determination  of  the  temperature  of 
the  overheating  of  the  windings  of  relay  with  the  aid  of 
formula  (9.25),  in  spite  ot  t h*  considerable  deviations  of 


value  from 

average  value,  does 

not 

exceed  t5o/o 

. h t the 

temperatures  of 

the  overheating 

of 

winding,  it  is 

l*»ss  than 

35 °C  and  more 

than  90  °c  error 

in 

t ho 

ca leu lat ion 

increases. 

The  obtained  above  formulas 

can 

be 

also  used 

for 

determining  the 

tentative  value 

of 

the 

t emperature 

of  the 

overheating  of  the  winding  of  relay  at  other  temperatures 
of  surrounding  air  eM>  if  we  instead  of  R0  substitute  the 
initial  resistor/resistance  ot  this  winding  R0?  at  the 
temperature  0„,.  calculated  with  the  aid  cf  (9-13). 


9.3.  Heating  with  a constant  valut  of  coil  current  of 
relay. 


s y 
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With  a constant  value  of  coil  current  of  the  relay 

r - -«M6> 

Substituting  in  equation  (9-4)  instead  of  values  P and 


q,  of  their  value  fro 
will  obtain: 


m expressions  (9-26)  and  (9-46),  we 


* P.(234^  + e„  + » ) 

" [fo +«  («H + ♦».)]  f ^5 + ««) 


l9»  + * (®oi  + 0,*))  S,,  (234,5  + 0,,)  — />,  (234,5  + 0H  + «„)  = 0. 
after  conversions  we  obtain  quadratic  equation  relate 


to 


♦v  (234,5  + 0#,)  + 0n  [(234,5  + eM)(#> + *0*,)—  j5  ] — 


-^■(234,5  + 0^  = 0. 


Let  us  introduce  the  designations: 


A%  = e (234,5  + 0,,).  = fo,  + «0tt)(234,5  + 0„)  — 


h C,  = J(234,5+0(C). 


Page  337. 
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Then  we  obtain: 


AtVn  C.-O. 


Solving  this  quadratic  equation,  wo  obtain  formula  t 01 
deter  mining  the  average  value  ot  temp,  rature  excess  of  the 
winding  of  relay  at  a constant  value  of  coil  current: 


(#«) 

aver  a qe  hea  t - 1.  r a n sf  e r 


if  we  accept  the  value  ot  the 
coefficient  g,  of  constant,  then  tor  the  temperature  of  the 
overheating  of  the  winding  of  relay  we  will  obtain  the 
following  expression  [1.  I-I*’]: 


0 _ 

* 2SOTS..-VV 


(9-28) 


— 
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with  the  aid  of  formula  (9-28). 


Heating  at  the  constant  value  of  coil  currant  will 
occur  slower,  since  the  tim^  constant  of  heating  is  equal 
to: 

(9-28«) 


l-« 


Simplified  formulas  for  determining  the  temperature  of 
the  overheating  of  the  winding  of  relay. 

The  determination  of  *hc  tf  mperat  ure  cf  the  overheating 
of  the  windings  of  relay  with  the  aid  of  formula  (9.27) 
requires  comparatively  much  time. 


Within  the  limits  of  a change  in  the  temperature  of 
the  overheating  of  the  winding  of  relay  approximately  from 
35  to  80°C  can  be  obtained  the  considerably  simpler  and 
more  convenient  approximation  formulas. 


Figures  9-8  gives  dependence  curves  of  steady 
temperature  of  the  overheating  of  the  windings  of  the  relay 
of  types  RES9,  RES10  and  RES15  from  the  value  of  coil 
current  at  the  temperature  of  surrounding  air  of 


approximately  20°C  and  normal  atmospheric  pressure 


These 
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curves  within  the  limits  of  a change  in  the  temperature  of 
the  overheating  of  windings  approximately  from  35  to  80°C 
virtually  can  be  replaced  by  straight  lines. 


If  we  continue  these  straight  lines  ty  dotted  line 


down 

before 

intersection 

with  the 

axis 

of 

ordinates , 

t hen 

it  is 

possible  to 

see 

that  the 

direct/straight  for 

all 

three 

t ypes 

rela  ys 

the 

transverse 

axis 

of 

ordinates 

at  the 

points 

*101 

which 

are 

located  not 

far 

f rcm 

each  other. 

Me  will  take  on  any  temperature  slope  of  overheating 
within  limits  fro*  35  to  80°c  two  points  a and  b let  us 
drop  from  these  points  perpendiculars  cn  the  axis  of 


coordinates. 
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yiy.  9-8.  Dependence  curves  of 
windings  of  relay  from  value 
relay  of  the  type  RES9;  2 
3 - relay  of  the  type  RESl^. 


temperature  of 
of  ceil  current 
relay  of  the 


overheating  of 
when  e,  - 20* C.  1 
type  RE  s 1 0 ; 


Page  339. 

Fro*  the  similarity  of  triangles  and 

find : 

«n  + «„  = \i  <♦„  + «„), 


^ *j  • (t  )•  or. 
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Mhrnce 


+ ♦«)-♦»•  (9-29) 

Let  us  multiply  numerator  and  the  denominator  of  the 
right  side  of  the  equation  i (9-29)  on  I P«:  we  will  obtain: 


(9-29a) 


Let  us  designate 

* * <9M> 

Then  for  determining  mean  temper  it ure  of  the  overhaating  of 
the  winding  of  relay  within  limits  from  35  to  80°C  (at 
the  constant  value  of  coil  current  and  amuient  temperature 
20°C)  we  obtain  from  equation  (9.29a)  very  simple  formula; 

Gyi  ~ W|  1 P*  0^  13  (*  I P m — (9-31 ) 

where  Pm , — the  initial  power,  consumed  by  winding  of  relav 

at  current  I,  and  temperature  20°c  (at  the  noaent  of  the 

connection/inclusion  of  w inding  P«  = t - the  coefficient, 

which  characterizes  construction  and  t hi  size/dimensions  of 
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relay,  and  9,0  - the  point  of  intersection  of  the  straight 
line  of  overheating  with  the  negative  participation  of  the 
axis  of  ordinates. 

From  equation  (9-29)  we  obtain  formula  for  determining 

value 

0"  - Vi  ~*aff  . (9-32) 

Investigations  showed  that  the  value  8,0  for  the 
different  types  of  miniature/smal 1 relays  under  normal 
conditions  is  within  the  limits  approximately  from  US. 8 to 
68.8°C.  The  average  value  of  8J0  is  equal  to  S7<J£.  The 

deviation  of  the  value  of  8IO  of  tn-  different  types  of 
relay  from  average  value  is  +11.8  and  11_2o/o  (»20.7  and 

-19. 7o/o) . 

At  atmospheric  pressure  of  approximately  SO  mm  Mg  and 
temperature  20°C,  value  of  8,0  foi  * hi  different  types  of 
relay  varies  within  limits  approximately  from  S3. 2 to 
68. 7°C.  The  average  value  of  is  equal  to  62°C. 


In  Fiq.  9- 

9 

are 

const  ruet  e d 

the  curves  of 

the 

dependonces  of 

s tead  y 

te  mperat ur e 

of  the 

ever  heat  ino 

of 

windings  (with 

a 

constant  value 

of  coil 

current 

of 

relay 
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from  initial  power  for  ambient  temperature  of  20°C  and 
normal  atmospheric  pressure. 

Within  the  limits  of  chan  gcs  in  the  temperature  of  the 
overheating  of  windings  from  3r>  to  H 0°c  these  curves  on 
this  scale  grid  are  virtually  straijht  lines. 

rage  34  0. 


The 

tangent 


value  of 
of  these 

b = 


coefficient  b 
direc  t/stra  igh  t 

VK 


is  egual  to  the  slo[>e 
tc  axis  ordinates: 


(9-30.) 


Table  0-1  gives  also  average  values  of  coefficients  of  b 
and  9,0  for  the  different  types  ct  relay  at  ambient 
temperature  20°C  and  two  values  of  the  atmospheric  pressure: 
760  and  60  mm  Hg,  obtained  experimentally.  According  to 
these  data  in  Fig.  0-6  are  constructed  the  curved  3 and  4 

dependences  of  values  b and  b,  (led  to  values  of  9lo« 

with  respect,  equal  to  67  and  62°C)  from  the  size/dimensions 
of  the  cooling  surface  of  the  winding  of  relay  at 
different  atmospheric  pressures. 


These  curves  are  approximated  by  the  approximation 
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formula: 


(9-83) 


From  the  curves  of 

Fig. 

9-b, 

w & 

find:  at  the  normal 

atmospheric  pressure  b0 

= 270 

and 

c 

= 0. 38,  and  at  t he 

pressure  50  mm  Hg  b*0 

= 346 

a nd 

c • 

= C. 38. 

Consequent ly. 

at 

nor  mal 

atmospheric  pressure  and 

tempt'rature  20°c 

b <**.  270  • S iT4’*.  (9-33a) 

Subst itut ing 

in 

equation 

(9-31)  instead  of  b \ nd  9,0 

of  their  value. 

we 

obtain 

for  determining  mean  temperature 

of  overheating  (at  the  constant  value  of  coil  current  of 
relay  under  normal  conditions)  the  following  approximation 
formula: 

«,  *.270  £;*■//£ -57- 
-270V*  /P.-57.  (9.34) 

This  formula  is  used  within  the  limits  of  a change  in 

the  temperature  of  the  overheating  of  the  winding  of  relay 
approximately  from  35  to  80°C  at  the  temperature  of 

surrounding  air  20°C  and  atmospheric  pressure  760  mm  Hg.  At 

atmospheric  pressure  50  mm  Hg  and  temperature  2 0°C, 
temperature  of  tke  overheating  of  winding  at  the  constant 
value  of  coil  current  of  relay  will  te  equal  to: 


0,  345  S;°.»  I YW%  - 62  = 345  yp\  - 62.  (».34«) 
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Fig.  9-9.  Dependence  curves  of  temperature  of  overheating  of 

winding  of  relay  froa  initial  power  at  constant  value  of 

coil  current  and  e,  = 20°C.  1 - relay  of  the  type  RESfl;  2 - 

relay  of  the  type  RES 9;  3 - relay  of  the  type  RES  10;  4 

relay  of  the  type  RES  15. 

Key:  (1).  w. 
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It  is  interesting  to  note  that  values  of  coefficients 

bo#  b'o  and  A10  are  respectively  equal  to: 

60^l,65a(,  60^1,680(1  h 20uo.  (9-35) 

and 

The  obtained  formulas  can  be  also  used  for  determining 
the  tentative  value  of  the  temperature  of  the  overheating 

of  the  winding  of  relay  at  other  temperatures  of 

surrounding  air  ©<*,  if  we  instead  of  R0  supply  the  initial 
resistor/resistance  of  this  windiny  S02  (at  temperature  0n), 
calculated  with  the  aid  of  formula  (9-13). 


9-4.  Short-term  connection/inclusion  of  winding. 


If  relay 
(measured  by 
time  can  be 


is  included  to  very  small  time 
seconds),  then  dissipation  of  heat 
considered  the  virtually  equal  to 


inter  val 
for  this 
zero  . 


In  that  case  it  is  possible  to  write  for  heating  of 
relay  the  following  equation: 


Pt  =QcO, 
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where 


t - the  heating  time  ii 


- the  weight  of  winding  in  q and 


are  specific  heat  of  the  material  of  wire  in 


j/g»deg  (for  copper  c 


0.341  J/g«deg). 


From  last/latter  expression  we  obtain  formula  f oi 
determining  temperature  excess  of  the  winding  of  relay 
(copper)  through  t s neglecting  of  dissipation  of  heat: 


ft 


Pi 


= 2’56  <T 


pi 


(9-36) 


Being  given  the  value  of  permissible  temperature  excess 
of  winding  we  find  from  formula  (S-3t>)  the  highest 

efficiency  which  can  be  passed  through  this  winding  for  a 
period  of  time  t: 


Pu  = 


Q*„ 

X55- 


(9-37) 


Substituting  for  Pm  and  0 of  their  value,  w 


e will 


have: 


> 8,M«*h 

fit  =^T  = US- 
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between  sone  by  maximum  a2  and  by  the  minimum  3, 


Steady  temperature  excess  at  winding  in  pulsed  mode  3? 
is  reached  when  an  increase  in  the  temperature  during  the 
period  of  heating  lakes  equal  to  a temperature  decrease 
during  cooling-down  period;  we  have; 


0t  = 


•a  + ^b 
1 -*  * 


*1  = <V  ’ . 


where  — steady  temperature  excess  of  winding  at 

continuous  duty. 


9-5.  Temperature  distribution  according  to  height/altitude 
(thickness)  of  winding. 


The  heat  flux  P,  passing  through  the  thickness  of 
insulation,  is  proportional  to  its  surface  of  S,  difference 
in  the  temperatures  (0,-8,),  the  thermal  conductivity  of 
insulation  X and  inversely  proportional  to  the  thickness  of 
insulation  6;  therefore 

P . («. -•!)■»> 


i 
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Hence  the  temperature  differential  in  the  insulation 

Insulation  of  winding  from  coie  frequently  consists  of 
several  layers  of  insulation  between  which  there  are 
fine/thin  air  spaces  (qaps).  In  this  case  the  teaperat ure 
differential 

«-f(  £+fc+-+fcv  <mu' 

where  —.®«  andk,,  X,, ....  X,  — are  the  corresponding  thicknesses 

and  the  thermal  conductivities  of  the  different  layers  of 
insulation  and  the  air  spaces. 

Table  9- 2 gives  given  data  of  specific  heat  and 
thermal  conductivity  of  different  materials  [1.  9-10]. 

Page  3 4 3. 

It  is  necessary  to  note  that  the  thermal  conductivity 
of  pure  metals  and  insulation  decreases  with  an  increase  in 
the  temperature  and,  furthermore,  it  depends  on  porosity  and 
degree  of  moistening* 
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The  temperature  of  the  external 
always  lower  than  the  temperature  of 
which  do  not  give  up  directly  heat 


surface  of  winding  is 
its  interior  layers 
into  the  surrounding 


space, 
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(5).  Aluminum.  (6).  Copper  is  electrical.  (7).  Brass.  (8). 


Bronze.  (9) 

. Steel  electrical 

311,  of 

321. 

(10).  Steel 

electrical 

of  33  1,  341.  (1  1). 

Carlson- 

(12). 

Ceramics  is 

electrical . 

(13).  Glass.  (14). 

Plastic 

(K  18, 

(K21-22)  . (1r>)  . 
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Getinax,  Textolite.  (16).  Paper.  (17).  Paper  cable  is  dry. 
(18).  Cotton  fabric.  (19).  Filament  cotton  saturated.  (20). 
Varnished  insulating  cloth.  (21).  Impregnated  glass  cloth. 

(22).  Pol yf luoroethylene  resin.  (23).  Is  cellulose  acetate 
film.  (24).  Mica.  (25).  Asbestos.  (2t>)  . Rubber.  (27). 

Asphalt,  bitumen.  (28)  Transformer  oil.  (29).  Varnish  is 
impregnating.  (30).  water  with  «-20°C.  (II).  Arr  with  ♦b5°c. 

(32).  Air  in  the  form  of  fine/fhin  layer.  (33).  Nitrogen. 

(34).  Hydrogen.  (35).  Helium-  (38)-  Coil  from  enamelled  wire 

is  unimpregnated.  (37).  The  same  saturated. 

Page  344. 

Temperature  excess  of  interior  layer  of  winding 
above  the  temperature  of  the  sKin  of  winding  0^  depends  in 

essence  on  the  thermal  conductivity  of  winding  and  is 
determined  by  following  formula  [1.  9-2]: 

0,  - «»  - + r* ln  jf ) • <9’42 ' 

where  R - an  outside  radius  of  ceil  in  cm; 


r.  — 


• radius  of  interior  layer 


of  winding  in  cm; 
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f “ — the  losses,  which  arc  necessary  per  unit 

volume  of  coil  in  W/cm3; 


/—  length  of  winding  in  ctf. 


= an  equivalent  thermal  conductivity  of  winding 


X,,  — the  thermal  conductivity  of  the  wire  insulation 
of  winding; 


d - the  wire  diameter  without  insulation  and 


6 are  thickness  of  insulation  of  wire. 


For  a decrease  in  the  difference  ft, — ft«  it  is 
necessary  to  increase  the  thermal  conductivity  of  winding. 
The  addition  of  the  mineral  fillers  increases  the  thermal 
conductivity  of  the  saturating  compounds  3-8  times.  The 
greatest  thermal  conductivity  have  windings,  saturated  with 
bituminous  oil  quartz  composition,  which  contains  70o/o  of 
quartz  flour. 


For  an  increase  in  the  thermal  conductivity  of  thick 
multilayer  insulation,  it  is  expedient  to  apply  the  combined 
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insulation  from  many  layers  of  fine/thin  insulating  sheet 
with  laid  between  layers  aluminum  foil.  The  thermal 
conductivity  of  this  insulation  is  1.1  W/cm«deg. 

The  distribution  of  temperature  excess  according  to  the 
height/altitude  (thickness)  of  the  winding  of  the  relay  of 


t he 

direct 

current 

of 

t he 

t ype 

S K N and 

cf  the 

relay  of 

a Iter  nat ing 

curre  nt 

o £ 

f he 

type 

RC  at  a 

constant 

value  of 

power 

input 

4 w 

is 

shown 

in  F 

ig.  9- 10. 

Great  temperature  excess  occurs  approximately  in  the 
middle  of  winding.  On  the  external  surface  of  winding,  it 
is  greater  than  on  internal  (ot  core) ; is  explained  this 
by  the  large  heat  removal  through  the  cere,  especially  wi*-h 

direct  current. 


Pig.  9-10.  Distribution  of  temperature  excess  according  to 
height/altitude  of  winding  of  relay  at  p ■*  4 u.  1 - 

relay  of  the  type  RC  with  direct  current;  2 - relay  of 
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the  type  RC  with  alternating  current  50  Hz;  3 - relay  of 

the  type  RKN  with  direct  current. 

Fage  345. 

With  alternating  current.  the  heat  is  isolated  not  only 
in  winding,  but  also  in  the  core  and  other  parts  of  the 
magnetic  circuit,  but  therefore  value  and  the  character  of 
the  distribution  of  temperature  excess  according  to  the 
height/altitude  of  winding  of  the  relay  direct  and 

alternating  current  are  different. 

With  alternating  current  of  relay  ol  the  type  PC 
(curved  2)  from  overall  power  in  4 w of  loss  in  copper 
they  are  a total  of  1.34  W,  remaining  power  (2.66  W)  is 

scattered  in  steel  of  magnetic  circuit.  Great  temperature 

excess  of  winding  :n  this  case  is  equal  to  54°C,  average 
is  equal  to  50°C  temperature  excess  or  core  49°C. 

With  the  feed  of  relay  of  the  type  RC  by  direct 

current  (curved  1)  entire/all  power  (4  W)  is  scattered  by 
the  winding  of  relay;  in  this  case  great  temperature  excess 
of  winding  is  78°C,  average  - is  equal  to  69°C  temperature 
excess  of  core  56. 5°C. 
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Heat  emission  by  hot  body  depends  on  its  temperature, 

thermal  conductivity,  size/dimensiens,  form,  character  and  the 

color  of  the  cooling  surface,  and  also  on  kind  and  state 
of  the  environment. 

Relay  is  by  no  means  the  uniform  body,  which  consists 
of  different  materials  with  different  specific  heat  and 
different  thermal  conductivity. 

The  winding  of  relay  consists  of  copper  covered  wire 
between  turns  of  which  is  located  the  insulation  and  the 
air  gaps.  Furthermore,  winding  is  separate/liberated  from 
core  by  framework/body  from  plastic  either  by  several  layers 

of  paper,  varnished  insulating  cloth,  fiberglass  tape  or 
synthetic  film  and  is  shielded  from  above  by  several  layers 

of  analogous  insulation.  Because  of  this  the  value  of  the 
average  (conditional)  heat-transfer  coefficient  (specific  heat 
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emission)  of  the  coils  of  el  ect  ron>  ag  net  ic  relays  and 
apparatuses  of  direct  current  is  different  and  depends  on 
many  factors. 

The  heat-transfer  coefficient  of  the  coil  of  relay 
depends  on  its  s ize/di raensions,  character,  form  and  the 
color  of  external  surface,  diameter  and  brand  of  wire, 
material  and  thickness  of  the  layer  ct  external  and 
internal  insulation  of  winding,  thermal  conductivity  of  the 
magnetic  circuit  of  relay,  temperature  of  winding,  location 


of  relay  in 

space,  the 

velocit  y 

of  the 

moti on 

of 

surrounding 

air,  etc.  Therefore  a 

pr  ecise 

va  lue 

of 

average 

heat- trans  fer 

coef ficient 

for  each 

special 

case 

can 

be 

determined  only  experimentally. 

The  value  of  the  average  heat -transfer  coefficient  of 
the  coils  of  relay  and  apparatuses,  given  by  the  majority 
of  authors,  is  within  the  limits  from  0.94*10  3 to  1.4*10 
M/cm**deg  [1.  4-14;  4-19;  4-21;  4-22;  4-33;  9-3]. 

Page  34  6. 

However,  experiment  shows  that  for  the  thermal  designs  of 
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■iniature/small  relays  these  values  in  no  way  suitable, 
since  give  very  large  errors.  Thus,  for  instance,  if  we 
accept  the  value  of  the  average  heat -tr a nsfer  coefficient  of 
the  egual  to  1.2*10  3 to  W/cm?*deg,  then  calculated 
temperature  excess  of  the  winding  of  a miniature/sa al 1 relay 
of  the  type  SH,  which  has  the  cooling  area  6.5  cm**, 

greater  real  approximately  2.3  times.  Consequently,  the 
specific  heat  emission  of  the  miniat ure/small  relays  is 
considerably  more  than  normal  ones.  is  explained  this  to 
the  fact  that  with  the  size  decrease  of  relay  the  specific 
heat  emission  by  convection  noticeably  increases. 

Pigures  9-11  gives  average  curve  of  dependence  of  the 
heat- trans  fer  coefficient  of  the  windings  cf  valve  type 
electromagnetic  relays  from  the  outside  diameter  of  winding 
with  6t_20*C  and  a = 50°c,  constructed  according  to  the 

results  of  the  experimental  investigations  of  author  [1. 

9-  17  ]„ 


The 

ratio  of 

the 

lengt  h 

of 

coil  to  its  outside 

diameter 

of  all 

tested 

re  la  y 

i n 

within  the  limits 

approximately  from 

1 to 

3. 

F row 

this  curve  it  follows  that 

the  value  of  the  average  heat-t ra nsf er  coefficient  of  the 
coils  of  relay  changes  over  wide  limits  depending  on  the 

diaeeter  of  their  windings. 
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Pig.  5-11.  The  carves  of  the  dependences  of  average 
heat-transfer  coefficient  from  diameter  of  coil  with  *• " * 
and  8 = S0°C. 

Key:  (1)-  w/cn^vdeg. 


Page  347. 

In  the  range  0.  3 < D < % curve  is  virtually 

straight  line.  Consequently,  the  dependence  of  average 
heat- transfer  coefficient  on  the  diameter  cf  coil  within 
limits  indicated  above  can  be  expiessed  ty  the  formula: 
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whore  a and  b - constant  coe t t ieien t s. 

Coefficient  a is  equal  to  the  average  heat-transfer 
coefficient  of  coil  by  diameter  1 cm,  coefficient  b is 
equal  to  the  slope  tanqent  of  th‘>  straight  portion  of 
curve  to  the  axis  of  abscissas. 


Calculating 

coef  f icients 

of  <1 

and  b in  the  method 

of 

the 

smallest  mean  error,  we 

f i n»l 

a - 2.98*10  3 U/cm?*deg 

and 

b = 0.664. 

Substituting 

in 

formula  (9-43)  of  the 

va  1 in 

of 

coefficients 

of  a and  b. 

0 tt  a i n : 

<?,  - 2,98  10  *D  •■"***  V ’3,'  (»-A3« ) 

w«om**deg 


Figures  9-11  shows  that  the  deviations  of  value  q, 
from  average  curve  of  many  types  of  lelay  are  sufficiently 
considerable  and  reach  to  *30o/o.  Is  explained  this  to  th^ 

fact  that  the  heat  is  abstrac t/removed  not  only  by  the 
external,  but  also  internal  surlacc  of  coil,  but  ratios  /,./> 


and  D/d 


are  variable 
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In  Fig.  9-12  are  constructed  the  curves  of  the 
dependences  of  average  heat -t  r ans  f i-r  coefficient  on  the  value 
of  the  calculated  cooling  surface  of  coil  5„  at  8«  = 20°  C and 
9 = 50°C.  BY  dotted  line  are  shown  the  curves  within 
limits  of  which  varies  value  gj  of  the  separate  types  of 
relay. 


The 

deviation  of 

value  qj  from  average 

value 

a t 

the 

ma  jori ty 

of 

the  types 

of  the  tested  relays 

does 

n ot 

exceed 

♦1 5o/o. 

By 

crosses  in 

curve  are  noted  values 

'll 

f or 

the 

relay. 

sh ielded 

by 

jackets 

(in  vie 

w of  a small  quantity  of 

points 

curved  2 

it 

is  tentative)- 

Consequently,  for  the 

coi  Is 

of  relay 

t he 

value 

of  thf 

heat-transfer  coefficient 

of  the 

windings 

of 

relay 

it  is  e 

xpedient  to  express 

depending  on  the  size/dimensions  of  the  calculated  cooling 
surface,  but  not  from  the  outside  diameter  of  coil. 

Of  course,  sometimes  when  the  ratio  of  the  length  of 
coil  to  its  diameter  exceeds  the  limits  of  1-3,  and  the 
construction  of  relay  considerably  differs  from  the  normal 
design  of  valve  type  relay,  value  q,  can  differ  from 
average  value  more  than  for  «;15o/c. 


Curve,  given  in  Fig.  9-12,  has  two  straight  portions 
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with  different  slope  angles  toward  the  axis  of  the  \ 

abscissas:  one  within  limits  from  1 to  80  cm*  and  another 
within  limits  from  200  to  5000 

coefficients  a and  b for  the  first  and  second  sections 
of  curve,  correspondingly,  are  equal  to:  at  = 5.5«10  3 

M/cm *•  deg,  bj  = 0,3  1^,  a?  = 3.1*10  3 W/ cm** deg  and  b?  = 

C.  10. 

Page  148. 

\ 

Thus,  the  dependence  of  the  average  heat-transfer 
coefficient  of  the  windings  of  valve  type  relay  (without 
jacket)  on  the  cooling  surface  within  limits  from  1 to  100 
cm*  can  be  expressed  by  the  following  formula: 

qx  - 5,510~\S-°‘M5*«i£4^--  (9-44 

V s* 

a within  the  limits  of  the  cooling  surface  from  100  to 
500  cm*: 

fi-3,1  (9-44.1 

V Sh 


During  the  artificial  displacemen t/ro verent  of  air  or 
the  motion  of  relay,  the  heat  emission  increases.  At  the 
velocity  of  air  motion  in  4 m/s,  the  heat  emission 


convection  varies  in  proportion  to  to  square  root  of  air 
density. 


Figures  9-13  gives  the  excnpl ary/approxinate  dependence 
of  the  heat-transfer  coefficient  ir.  relative  unity  on  the 
height/altitude  above  sea  level  luring  the  free  convection. 
As  unity  is  accepted  the  heat-t ransf er  coefficient  at  the 
level  of  sea. 

9.7.  Dependence  of  average  coefficient  of  heat  transfer  on 
te»pe  rat  ure. 

As  is  known,  the  value  ot  radiation  heat-trans fer 
coefficient  and  convection  in  general  torn  can  be  expressed 

by  the  following  formula 

«-».  + «.- 1 [®‘-(ni)‘] +*•♦*.  <mm 

where  Tj  and  T0  are  absolute  temperatures  of  the  body 
surface  and  surroundinq  air; 

k,  - the  radiation  factor  of  physical  body  (for  rough 


I 


T*' 
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surface  kt  = 4.6  x 10  4 W/cra?  x deg*) ; 

k2  - a coefficient  of  convection  (for 
flat/plane  wall  = 2.55*10  ♦) ; f t 

is 


the  vertical 

the  exponent 
accepted  equal 


whose  value  during  natural  cooling 


usually 
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Fig.  9-13.  Dependence  of  heat-trans  for  coefficient  on 
height/altitude  above  sea  level. 


KeY:  (1).  mm  Hg. 


Page  3*50. 

Values  of  coefficients  ^ , , k2  and  b depend  on  state 
and  color  of  the  cooling  surface,  form  and  size/dimensions 
of  this  surface,  temperature  of  the  body  and  the 
environment.  Therefore  the  sufficiently  precise  dependence  of 
coefficient  of  heat  emission  of  body  cn  temperature  for 
each  specific  case  can  be  obtained  only  experimentally.  The 
value  of  the  average  (conditional)  heat-transfer  coefficient 
of  the  windings  of  relay  and  apparatuses  of  direct  current 
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can  be  determined  from  experimental  data  with  the  aid  of 
formula  (4-4)  . 


Figures  9-14  gives  the  curves  of  the  dependences  of 
the  average  heat- transfer  coefficient  or  the  winding  of 
relay  of  the  type  RMH  on  the  value  of  its  overheating  a* 
different  ambient  temperatures,  obtained  by  author 
experimentally  [1.  9-21]. 


Within  the  limits  of  the  temperature  of  overheating 
from  20  to  70°C  these  curves  they  in  practice  differ 
little  from  straight  lines.  The  greater  scatter  of  points 
with  overheating  less  than  20°C  is  explained  by  inaccuracies 
cf  measurement  of  small  temperature  differentials. 


For  the  development/detection  of  the 
communication/connection  between  of  the  heat  emissions  of  the 
winding  of  relay  and  by  temperature  in  Fig.  9-15  is 
constructed  the  dependence  of  the  average  heat-transfer 
coefficient  of  the  winding  of  relay  of  the  type  RflU  on 
the  temperature  of  its  winding. 
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where  g0  is  the  value  of  heat-transfer  coefficient, 
intercept/detached  on  the  axis  of  ordinate  by  the 
continuation  of  straight.  line; 


e - the  slope  tangent  of  this  Une  to  the  axis  of 
abscissas. 


The  values  of  quantities  q0  and  e fcr  relay  of  the 
type  RMtl  we  find  from  Fig.  9-15; 

q0  ~ 1.422*10  3 W/cm**deg  and  e = 0.00507*10  3 W/cm?*deg?. 

Consequently,  the  value  of  average  heat-transfer 
coefficient  for  relay  of  the  type  RMl!  within  limits  from 
30  to  210°C  is  expressed  by  the  following  approximation 

formula: 

7,  = (1 ,422  + 0,005070) . 10  ».  (9-46* ) 


L 


i 


j 
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Page  352. 


The  great  deviation  of  separate  values  of  average 
coefficient  from  straight  line  does  not  exceed  2.2o/o. 


The  value  of  the  average  heat-transfer  coefficient  at 
the  different  temperatures  of  the  winding  of  relay  8t  and 
62  will  be  equal  to: 

= go  + e9j  a nd  q\  = q»  + 

He  hence  find  for  the  average  heat- transfer  coefficient  of 
the  winding  of  relay  at  temperature  02  the  following 


expression : 


where 


q'x  + + Y(e,-e,)],  (SM7) 


Y = _. 

In  Fig.  9-16  are  constructed  the  curves  of  the 
dependences  of  the  temperature  coefficient  of  heat  emission 
7 on  the  temperature  of  winding  for  the  relay  of  types 
RKN,  RMU  and  RES10,  calculated  with  the  aid  of  formulas 
(9-46a)  and  (9-48). 


. 

♦ 
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Pro*  Pig.  9-16  it  follows  that  the  curves  of 
coefficients  7 for  the  ainiature/saall  relay  of  types  BHU 
and  HES10  (without  jacket)  very  differ  little  froa  each 
other,  but  the  values  of  coefficient  y for  relay  of  the 
type  RKH  are  aore  approximately  to  25o/o.  A relay  of  the 
type  HES10,  shielded  with  aluainua  jacket,  due  to  the  worse 
heat  eaission  has  approximately  two  tiaes  the  saaller  value 
of  coefficient  7. 

Hithin  liaits  froa  20  to  160°C  these  curved  virtually 
they  differ  little  froa  straight  lines. 

Hithin  liaits  indicated  above  the  dependence  of  the 
value  of  coefficient  7 ftoa  teaperature  for  relay  of  the 
type  8H0  can  be  expressed  the  following  foraula: 


7 - (3,45  -0,00796)- 10  * 


(9-48.) 
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Fig.  9-16.  Curved  of  dependences  of  tenperature  coefficient 
of  average  heat- transfer  coefficient  of  relay  on  temperature 
of  winding.  1 - relay  of  the  type  RHU ; 2 - relay  of  the 
type  RE51 0 without  jacket;  3 - relay  of  the  type  RKN;  4 
- relay  of  the  type  RES10  in  jacket. 


Page  353. 

Consequently,  knowing  the  value  of  the  coefficient  of 
the  heat  enission  of  the  niniature/snall  relays  type  RHu 
(without  jacket)  at  the  tenperature  of  winding  el#  possible 


with  sufficient  for  the  practical  target/purposes  of  accuracy 
deternining  the  heat-transfer  coefficient  of  these  relays  at 
another  tenperature  of  winding  62  (within  Units  fron  20  to 
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160°C)  by  tka  approxiaation  foraula: 

7.^7i[l  + (3,45  — 0,00790,) . 10'*  (9,  — 9,)].  (9-49) 

If  the  initial  teaperature  of  winding  6t  = 50°C,  then 


7j  ^ 7i  1 1 -i-  0,00306  (e,  — 50)]. 


(9-49.) 


Hence  it  follows  that  with  an  incraaaa  ia  teaperature 
of  the  winding  of  snail  relays  of  the  type  RNU  (without 
jacket)  by  10°C  coefficient  of  heat  enission  increases 
approxiaately  to  3o/o. 


Proa  equations  (9-46)  and  (9-51)  we  will  find: 


7o  = 7,  - <•(«„  - d)=  J-_  7 (),. 


(9-50) 


The  tentative  value  of  quantity  e for  the  open  relay 
is  equal  5«10“*  H/cn*»deg*,  for  niniature/snall  closed 
3*10”»  W/cn**deg*  and  for  ainiature  closed  - 4.5»10-6 

V/c»*  «deg*  . 


9.8.  Deteraination  of  teaperature  excess  of  the  windings  of 
relay* 


1 n Pig.  9-17  are  given  the  curves  of  the  dependences 

of  the  average  stable  excess  of  teaperature  of  the  windings 

of  the  different  types  of  relay  on  final  power  in  winding. 
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These  curves  within  liaits  fcoi  zero  to  70°C  have 
comparatively  saall  curvature.  If  one  considers  that 
teaperature  excess  of  windings  of  different  copies  of  just 
one  type  of  relay  usually  oscillates  within  limits  to 
i10o/o,  then  curves,  given  in  Fig.  9-17,  with  sufficient 
for  practical  calculations  accuracy  can  be  replaced  by 
straight  lines,  passing  through  beginning  coordinates  and 
points  by  curves,  corresponding  to  S0°C.  These  straight 
lines  Fig.  9-17  shows  by  dotted  line*  Consequently,  for 
each  type  of  relay  the  ratio  of  average  teaperature  excess 
of  winding  to  consumed  power,  i.e.,  that  average  being 
steady  is  exceeded  the  teaperatures  of  winding  at  power  in 
1 w (specific  teaperature  excess  of  windings)  in  the 
assigned  range  of  teaperature  excess  virtually  can  be 
considered  a constant  value.  i?  Specific  teaperature 

excess  of  the  winding  of  relay  in  deg/H,  obviously,  can  b 
deterained  by  the  following  formula: 

Page  354. 

Knowing  specific  increase  in  teaperature  of  a winding 


of  this  type  of  relay,  it  is  possible  to  find  average 
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steady  temperature  excess  of  the  winding  of  this  relay  at 
the  assigned  power  within  limits  from  zero  to  70°C: 

d = (#-51  a) 

At  the  filling  with  the  winding  of  entire  winding 
space  of  coil,  value  of  is  virtually  constant  for  each 

type  of  relay;  it  changes  within  small  limits  depending  on 
diameter,  the  brand  of  wire,  on  material  and  thickness  of 
the  layer  of  the  insulation  between  the  winding  and  the 
core  and  of  thermal  conductivity  of  external  shell  of  coil. 
Therefore  with  complete  coil  it  is  a thermal 

characteristic  of  this  type  of  relay,  which  determines  the 
heat  emission  of  the  latter  during  the  steady-state 
conditions/mode. 


At  filling  of  entire  winding  space,  value  A,  of  the 
different  types  of  relay  is  different  and  depends  on  the 
size/dinensions  of  the  cooling  surface  of  coil. 


I 
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Key: 
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Page 
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Pig.  9-18  gives  dependence  curve 

specifically  of  temperature  excess  of  winding  from  value 

at<90  = 20°C,  on  tripled  by  author  experiaentally.  By 

dotted  line  are  shown  the  limits  of  the  probable  deviations 

of  value  $x  of  the  separate  types  of  the  relays,  which 
have  different  construction. 

Hithin  limits  from  1 to  100  cm3  dependence  of  9X  on 
the  value  of  the  calculated  cooling  surface  is  virtually 
straight  line  and  can  be  expressed  by  the  following 
formula: 

0,  - (200  -4-  260)  S*  °'7*  2255k  #,T*.  (9-52) 

It  is  conseguent,  average  increase  of  the  temperature  of 
winding  of  relay  at  the  stead y-state  conditions/node  in 
range  indicated  above  5„  leads  egually  to; 

6 225P5*  0,73  =«  . (9-53) 

V“k 

Nithin  the  narrower  limits  of  value  5„  from  15  to  100 
ci*,  average  temperature  excess  of  winding  can  be  expressed 
more  convenient  for  calculations  by  the  formula; 

(9-53*) 

v'ft  VK 

t or  superniniature  relays,  which  have  value  5K  within 
limits  from  1 to  15  cm*, 

flu* 

The  values  of  specific  temperature  excesses,  value  of 
the  cooling  surfaces  of  coil  (with  filling  of  entire 


mtmmmrnmmmm 
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Iff 

winding  space) 

and 

constants 

of  the 

time  of 

heating  the 

different  types 

of 

relay  are 

given 

in  table 

9-3. 

If  relay  is  fastened  on  metallic  board,  then 
temperature  excess  of  its  winding  decreases  due  to 
supplemental  heat  removal  through  plate;  then,  for  example, 
overheating  of  the  winding  of  relay  of  the  type  RKN, 
fastened  on  steel  plate  with  thickness  3 mm,  decreases 
approximately  by  15o/o. 


Dependence  of  of  excess  temperature  of  windings  from  weight 
and  space  of  relay. 

During  the  design  of  the  new  types  of  electromagnetic 


relays,  and  also  for  determining  the  overheating  of  the 
existing  constructions  it  is  very  important  to  know  (at 
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least  tentatively)  the  dependence  of  teaperature  excess  of 
Minding,  and  also  as  the  tine  constant  of  heating  relay  on 
its  neight  or  size.  of  course,  this  dependence  of  the 
different  constructions  of  relay  will  have  different 
character;  therefore  neasureaents  were  carried  out  on  more 
or  less  unifora  constructions  of  relay. 


Pigures  9-19  and 

9-20 

gives 

dependence  curves 

of 

specific  temperature 

excess 

of  the 

winding  of  valve 

type 

electroaagnetic  relays 

froa 

their 

weight  and  space. 

obtained 

experiaentally.  The  relation  of  the  length  of  core  and  to 


its 

diaaeter 

of  all  tested 

relay 

was 

within 

the 

1 imits 

approxiaately 

froa  3 to 

8. 

while 

the 

ratio 

of 

the  weight 

of 

relay  to 

its  space 

from 

1.5 

to  2. 

0. 

In  Fig. 

9-19  and  9 

-20 

it  follows 

that 

the 

de  pendences 

of  specific  teaperature  excess  of  windings  from  weight  and 
space  of  relay  in  logarithmic  scale  are  virtually  straight 
lines,, 

the  dependence  of  average  teaperature  excess  of  winding 
froa  the  weight  of  relay  within  liaits  froa  1 to  500  g 
can  he  expressed  by  the  following  approximation  formula: 


0 ( 230  -+-  350)  PQ  *.*•  **  285PQ  • “ 


(9-54) 
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fable  9-3.  Specific  teaperature  excess  and 


beating  the  relay 


(0 

Thu  pene 

C* 

Bee 

Q, 

9 

~b  )Ai*oc$epHoe  AAB.iemie 

760  mm 

pm.  cm  (M  1 f 

50  KX  pm.  cm.  ^ 

SH, 

CM* 

*>.  * 
°c 

| 

23,5°C 

•'  ! 

T’  1 

Tu* 

7$ 

KUK- 

[ °c 

3le  C, 

1 , 

Tu« 

MUM- 

i T,„ 

LIT 

' 

PKH 

290  1 

60.2 

11.4 

34.5 

12.3 

10 

17,4 

1 16.4 

! 

42.4 

j 15 

1 27.7 

PKMII 

>90  | 

46.9 

13.1 

37,2  11.0 

9.2  1 

15.2 

1 2u.o:  47,4 

14.5 

25 

P11H 

220 

50,9 

13.5* 

37.6 

9,2 

7,7 

12,1 

18,5 

45.6 

12.1 

20 

P3C.14 

170  ; 

48.1 

14.3, 

38,9 

10.8 

8.8 

14 

1 20,6 

48.1 

i 12,5 

21 

PKM-1 

112  ! 

34.9 

19.5 

45.4! 

8,6 

7.2 

11.(1 

26.0 

54,0 

8,8 

15.1 

TKH1211J1 

200 

26 

19.9 

45,8 

9.8 

8,0 

17.5 

: 22.3 

50.0 

15.2 

24.2 

PC4-52 

no 

27,5 

26,8 

53 

10,6 

8.8 

13.8 

37,8 

. 65.1 

13.5 

23 

PC-52 

90 

27.5 

— 

6.2 

5.2 

8.7 

— , 

- 

— 

— 

PM  V 

70 

22.6 

22.3 

48,5 

7,7 

6.4 

9.5 

37.1 

64.3 

11,8 

16 

pmvt 

1160 

22,6 

26,1 

52.4 ' 

7,0 

5.8 

11.8 

33.3 

, 61.1 

11 

16 

P9C8 

no 

18 

22.3; 

48,5, 

8.1 

6,6 

10.6 

31,1 

1 59 

10 

15 

TKE5211A 

90 

15 

29.2: 

55.4' 

7,3 

6.0 

10.0 

31.3 

60 

8,0 

14,5 

P3C6 

32 

10,2 

44.6 

68, 61 

5,1 

4.3 

7.2 

66,8 

86,5 

6,7 

10,3 

P3C22 

32 

9.6 

49.5 

72,2' 

6,1 

5,0 

6,6 

67 

87 

7.0 

10.2 

TKE2inA 

35 

8,7 

50,5' 

73 

5,6 

4,6 

7.3 

58 

81 

6,0 

10 

P3C9 

20 

7.6 

57,4 

77,6 

4,9 

4,1 

7,0 

82,7 

96,3 

6.5 

11.5 

P3C10 

7,5 

3,2 

98,8, 

102 

3,5 

2,9 

4,5 

140 

125  , 

4,4 

6.2 

P3C15 

3,2 

2,4 

135  ] 

no 

2,3  , 

i 

1,9 

3,1 

194 

148 

3,6 

5,7 

Key:  (1).  Type  of  relay.  (2).  Weight  Q,g. 


pressure. 


(4).  aa  Hg. 


(5).  ain. 


constant  tine  of 


(3) . At  Hospheric 
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temperature  of  winding  from  the  weight  of  relay. 


Key:  (1).  g. 


Pig.  9-20.  Dependence  curves  of  specific  excess  of  wean 
temperature  of  winding  from  space  of  relay. 


Page  358. 
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Within  the  narrower  limits  of  the  weight  of  relay  from 

70  to  500  g,  the  lean  temperature  excess  of  the  winding 
of  relay  is  expressed  aore  convenient  for  calculations  by 


the  foraula: 


. (185  + 275)  P mP 

n — tt- 


(9-54«) 


For  the  ainiature  relay*  which  have  weight  froa  2 to 
70  g*  the  aean  temperature  excess  of  winding  is  equal  to: 


. <225  + 275)  P 245 P 

TT  r= ^ — — . 

v 5 \ Q 


(9-54  b) 


The  dependence  of  average  temperature  excess  of  winding 
froa  the  space  of  relay  within  liaits  froa  0.7  to  500  cm3 


can  be  expressed  by  following  shape: 


. (120  + 220)  tap/ 

yv  ~ yv 


(9-55) 


Figures  9-21  gives  the  curve  of  the  dependence  of  the 
aean  heat-transfer  coefficient  of  winding  froa  the  weight  of 
relay.  In  the  apparitors  of  the  weight  of  relay  froa  1 to 
500  g value  of  g,  it  is  expressed  by  approximate  foraula: 


(9*56) 


9-9.  Peraissible  operating  temperature  of  the  windings  of 
relay. 


the  greatest  peraissible  temperature  of  winding  at  the 
continuous  operation  of  relay  is  determined  by  the  physical 


t 
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properties  of  the  aaterials,  used  for  insulation  of  sire, 

fraaevork/body  and  contact  systea.  The  aaterials,  used  for 

insulation  of  electrical  apparatuses,  on  the  value  of  long 
peraissible  working  teaperature  are  subdivided  into  "classes 


of  heat  resistance 


780  12418 


I 


lillll 


••Hi 


PAGE  tH- 





■■■■■mi 


lliil 

liiiii 


■ills 


Kin 


1111 


niM 

V'^zril 


■ ■ ■ ■ 1 1 1 1 ■ — 


i is  4 7*  use  sum  mm  mm 
Pig.  9-21.  Carved  of  dependence  of  average  heat-tra nsfer 

coefficient  of  winding  on  weight  of  relay  with  8a  = 20°c 


and  •. 


50  °C. 


Key:  (1).  H/ca*«deg.  (2).  g. 


Page  359. 


Heat  resistance  is  called  the  ability  of  insulation  and 
articles  without  hara  for  then  to  withstand  for  a long 
tine  the  effect  of  high  teaperature*  and  also  its  abrupt 
changes. 


Cable  9-4  gives  the  designations  of  the  classes  of 
heatiag  stability  and  the  corresponding  values  of  the 
highest  tine  of  permissible  operating  teaperature  of 
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insulation  provided  by  project  GOST  [ 99sp04  - All-union 

State  Standard]  by  the  tentative  standard  of  international 
electrical  engineering  board  (lEC  [ - International 

Electrotechnical  Coanissionp. 


To  class  A are  related  fibrous  aaterials  on  the  base 
of  cellulose  (wood,  paper,  cardboard,  fiber,  cotton  filaaent, 
hy dracellulose  and  acetylcellulose  filaaent),  the  natural  silk 
and  polyaaide  fiber,  saturated  with  oil,  oil-resin  and  to 
that  siailar  varnishes,  and  also  insulation  of  enaaQlled 
vires  on  the  base  of  oleoresinous  varnishes. 


To  class  I, 
of  class  A. 


are  related  uniapregnated  fibrous  insulation 


The  greatest  possible  aabient  temperature  is  accepted 
equal  to  ♦40°C. 

Consequently,  with  insulation  of  class  A prolonged 
incrase  of  the  teaperature  of  winding  aust  not  be  aore 
65°C,  with  uniapregnated  insulation  of  class  T greater  than 
50  °C. 


1 
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To  class  E,  are  related  the  plastics  on 

phenol~f or aaldehyde  and  aelaaine-f or aaldehy de  resins  with  the 
cellulose  filler:  getinax,  Textolite,  triacetate  cellulose 
fila,  polyethylene  terephtholate  also  insulation  of  enanelled 

wires  on  the  base  of  poly  triny  If  ornalene  varnishes. 

fiberglass  water ials,  aica  and  asbestos,  saturated  or 
ceaent/glued  with  varnishes  or  the  coapounds  of  the  usual 
heating  stability  (on  the  base  of  drying  oils,  bituaens, 
shellac,  bakelite,  etc.)  of  iapregnated  glass  cloth, 
aicanites,  etc.  They  are  related  to  class  B. 

To  class  P,  belong  the  aaterials,  which  consist  of 
TITLE  aica,  fiberglass,  sbestos  and  so  forth,  saturated  or 
glued  with  the  varnishes  it  is  increased  eat  resistance 

(polyarethane,  poxy  the  like). 

In  class  H enter 

tte  aaterials  of  class  B,  but  saturated  ith  organosilicon 
coapositions. 

In  to  class  C belong  inorganic  uniapregnated  aaterials: 
aica,  Nycalex,  glass,  ceraaics,  quartz  and  coabinations  froa 

these  aaterials.  Proa  organic  substances  to  class  C it  is 

related  polytetrafluoroethylene  (f luoroplast-4) . 
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taklt  8-4,  Beat  resistance  of  insulation. 


—7 n — 

(in  uit*- 

Aob^Im 

1 n*' 

i *C 

Y 

90 

A I 

KV> 

E 

13) 

B 

130 

K 

IV. 

U 

180 

C 

>180 

(1).  Class  of  heating  stability.  (2)^  Peraissible 
operating  teaperature*  °C. 


Page  360. 

For  the  windings  of  relay*  largely  is  applied  red 
copper  wire  with  enasel  insulation*  is  considerably  thinner 
wire  with  silk*  paper  or  fiberglass  insulation. 

■ire  with  enanel  insulation  of  the  brand  PEL  has  great 
application/use*  but  can  long  be  operated  only  at 
teaperatnre  not  above  105°c. 

New  enaselled  cables  on  synthetic  polyvinylaceta lene 
varnishes  (Viniflex  (brand  PBV)  and  aetalvin  (brand  PEN)) 
allow/ assuae  prolonged  operation  at  the  teaperature  of 
winding  to  125°C.  Bnaaelled  wire  on  polyurethane  varnishes 

they  have  heating  stability  150-lb0°C. 
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Enanelled  wire  on  the  aodified  polyether/polyest er  i 

varnishes  they  can  long  work  at  teaperatures  to  180°C 

(brand  PET ¥) ; they  have  the  increased  sensitivity  to  theraal 
shocks. 

Polyiaide  varnish  and  enaael  lagoers  on  the  base  of 
snspeasion  froa  the  copolyners  of  teflon  possess  prolonged 
heating  stability  to  2S0°C.  Hires  with  fiberglass  insulation, 
the  saturated  with  organic  varnish  brands  PSD,  can  long 
work  at  teaperature  to  170°C  and  it  is  short-tera  - to 

250°C. 

■ires  with  single-layer  fiberglass  insolation,  the 
saturated  with  silicon  varnishes  brands  PSOT,  and  froa 
two-layered  - the  brand  PSDK  and  PSDRT*  can  be  operated 

several  hundreds  of  Lours  at  teaperatures  respectively  to 

250-350°C,  but  they  have  relatively  high  thickness  of 
insulation  (0.12-0.18  aa). 

The  oxidised  aluainua  wire  has  heat  resistance  to 
400°C*  but  the  specific  resistor/resistance  of  aluainua  is 
1*65  tines  aore  than  copper.  Further  aore,  oxide  insulation 

i 

V 


F 
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possesses  snail  dielectric  strength  (150-200  V)  , due  to  the 


very  snail  thickness 

of 

oxide 

layer,  and 

to 

iacrea  sed 

gy groscopicity.  Therefore 

oxide 

insulation 

BUSt 

be 

s aturated 

with  suspensions  on 

the 

base 

of  teflon. 

Heating 

st  abil it y 

of  penetrated  oxide 

insulation 

to  250°C. 

For 

the 

foraation/education  of  oxide  insulation,  copper  wires  aust  be 
covered  with  the  thin  layer  of  aluainua. 


Higher  tenpe ratures,  to  300°C,  aaint ain/withstand  the 
wires,  covered  with  the  continuous  layer  cf  heat-rasist ant 
glass.  These  wires  can  be  aade  by  diaaeter  fron  0.002  to 

0.12  ea;  the  thickness  of  their  insulation  O.OiO-o.  025  an, 

breakdown  voltage  are  aore  than  1000  v.  However,  the 

windiog/coil  of  wires  froa  glass  insulation  can  be  done 
only  in  hot  state,  with  the  preheating  of  f raaewor k/body  to 
teaperature  approxiaately  500°C  [ 9-18]. 

Foreign  firas  advertise  for  prolonged  operation  at 
teaperature  to  300°C  wire  of  the  brand  "Sechos"  with  the 
very  thin  layer  of  ceraaic  insulation  which  is  applied  to 
wires  froa  solution/opening  with  the  aid  of  electrophoresis. 

Ceraaic  insulation  is  saturated  with  suspensions  on  the  base 
of  teflon  or  organosilicon  connections  [_9-9,  9-11,  9-19]. 


! 


J 
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Page  361. 

Th«  jaws  of  coils,  insulating  plates  between  contact 
springs,  and  insulating  bushes  (pushers)  are  aanuf ar tuced 
nainly  fron  getinax  or  Textolite.  Based  by  relay*  coil 
foras,  separator  and  other  insulating  parts  are  manufactured 
fron  plastic. 

The  heat  resistance  of  getinax  is  equal  to  1S0°C,  but 
at  tenperature  above  100°c  getinax  changes  in  the  course  ot 
tine  its  size/di aensions  (it  shrinks).  Heat  resistance  of 
Textolite  is  125-135°C.  Peraissible  working  tenperature  of 
getinax  and  Textolite  is  equal  to  120°C.  Parts  fron  getinax 
and  Textolite  for  protection  fron  hunidity  nust  be  covered 
with  bakelite  varnish  with  the  polyaerixation  of  the  latter. 
For  the  production  of  the  relays,  intended  for  operation  at 
elevated  teaperat ures.  are  applied:  the  fiberglass  laminates, 
pressing  plastics  (aolding  powders)  with  inorganic  fillers 
and  organic  or  silicon  bonding  agents,  ceraaics  and  glass. 

Fiberglass  laainate  with  the  organic  bonding  agent  of 
brands  ST  and  STD  has  heat  resistance  180-200®C  and  can  be 
operated  at  tenperature  of  130°C  (class  B).  Fiberglass 
laainate  with  silicon  binder  (brands  STK-41  and  STK-41 
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e-P* 

Pfr  has  heat  resistance  sore  than  250°C  and  can  long  wort 
at  teaperature  of  180°C  (class  H) • The  heat  resistance  of 
plastics  with  organic  fillers  K-^21-22,  K-211-2,  K-18-2, 

K— 114— 35  and  oth  rs  - 100-130°C;  they  can  work  at 

teaperatures  of  90-105°C  (class  A). 

Plastics  with  the  aineral  fillers  and  by  organic  inders 
FKH-10,  FKPH-15  (K-120-38) , phenolite-4  (K18-36),  etc.  they 
have  heat  resistance  120-250°C  and  they  can  for  long  tine 
work  at  teaperatures  of  110-130°C  (class  E and  B) . For 
operation  under  conditions  of  pistons  into  aolding  powders, 
are  introduced  fungicides. 

Inorganic-reinforced  plastics  (asbestos,  quartz  flour, 
fiberglass)  and  organosilicon  bonding  agent  K-71,  KHK-218  and 

K-hl-5  have  heat  resistance  aore  than  250°C  and  can  be 
operated  at  teaperature  of  180°C  (class  H)  C9-3  3,  9-14, 

9-15]. 

Insulation  of  separate  windings  froa  each  other  and 
froa  core  is  realized  usually  by  the  cable  paper,  varnished 
insulating  cloth  or  the  lacquered  paper.  For  insulation  of 
heat-resistant,  hardly  are  applied  the  planks  froa  synthetic 
aaterials  (teflon)  or  fiberglass  tape.  For  the  saturation  of 
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windings,  usually  is  applied  bituainous-oil  varnish  447 
(varnish  458)  or  gjyptal-oil  varnish  1154  (GP-95) . These 

varnishes  badly/poorly  dry  and  insufficiently  are  camented 
veil  windings  froa  wire  with  enaael  insulation.  New 
pbenoalkyl ide  varnishes  (ABB- 1 and  AP-17)  are  free  froa 
these  deficiency/lacks  and  can  be  recoaaended  for  the 
saturation  of  the  windings  of  the  relays,  working  at 
teaperature  to  120-130°C. 


Pages  362-363. 

At  higher  working  teaperatures  for  the  saturation  of 
windiags  are  applied  organosilicon  varnishes  EP-3,  FG-9, 

K— 47,  K-5  5 and  K-57,  that  are  characterized  by  the  good 

power  of  iapregnation,  high  heating  stability  and  good  water 
resistance.  The  windings,  saturated  with  organosilicon 
varnishes,  can  long  be  operated  at  teaperatures  to  180°C. 

During  the  short-tera  conditions/aodes  of  the  windings, 
saturated  with  the  varnish  K-47,  withstand  teaperatures  to 
200-220°C  saturated  with  the  varnishes  K-55  and  K-57  to 
250- 300°C. 

The  fundaaental  characteristics  of  soae  insulation,  used 

for  the  production  of  relay,  are  given  in  table  9-5. 
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Table  9-5.  Properties  of  lasmiatloa 


*»wnrj-*T  j j'.i 


ifTr"uw 


oTw^d. 


I*  m*-M|  M •> 


Unit  of  measurements. 


Pressing  plastics.  (4).  Getinax.  (5).  Textolite.  (6) 


laainate 


Phenolite-4 


Asbodin.  (10).  solid.  (11).  soft.  (12).  Density.  (13) 


g/ca».  (14).  Martens  yield  teaperature.  (15).  permissible 


operating  temperature.  (16).  Limiting  value  of  buckling 
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strength.  (17).  kgf/ca*.  (18).  lapact  nuaber.  (19). 

kg  *c  a/s*  a*.  (20).  Dielectric  strength.  (21).  kV/aa.  (22).  tg 

a with  SO  Hz.  (23)  . a)  in  as-received  condition.  (24)  . b) 

after  stay  in  huaidity  95  ♦ 3o/o.  (25).  Voluae  rasistivity. 
(26).  Q*ca.  (27).  specific  skin  drag*.  (28).  Arc  resistance. 
(29).  s.  (30).  shrinkage. 


Page  364. 


9-10.  Service  life  of  insulation. 


The  service  life  of  the  aaterials*  used  for  insulation 
of  electrical  devices  depends  on  teaperature*  electrical  and 
aechaaical  stresses  (vibration)*  the  effect  of  huaidity* 
different  cheaical  products  and  gases. 

■he  service  life  of  relay*  lo*g  working  with  the  large 
loads  of  winding*  is  deterained  by  the  service  life  of 
insulation.  Under  the  prolonged  influence  of  teaperature*  the 
insulation  is  abraded  (it  ages)*  loses  elasticity  and 
strength.  Nuaerous  laboratory  tests  showed  that  every  8-12°c 
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increases  in  the  teaperature  accelerate  the  aging  process  of 
insulation  two  tines.  Purtberaore,  it  is  establish/installed 
that  dielectric  strength  of  fibrous  insulation  is  not 
reduced,  while  it  a will  preserve  mechanical  strength.  Even 
the  coapletely  losed  its  elasticity,  but  not  having 
aechanical  danages,  insulation  retains  sufficiently  high 
dielectric  strength.  The  deprived  of  elasticity,  dry,  brittle 
insulation  can  break  under  the  effect  of  vibrations  and 
iapacts.  Therefore  the  windings  of  relay  one  should 
saturate. 


The  wear  of  insulation,  can  be  judged  froa  the  loss 
by  it  of  aechanical  strength  (tensile  strength)  or  of 
decreases  in  dielectric  strength  two  tiaes. 


The  life 

of 

insulating 

aaterials 

is  the  function 

siaultaneously 

of 

teaperature 

and 

tiae. 

but  therefore 

dependence  on 

the 

desired  service 

life 

is  peraissible 

teapexature  of  insulation  (not  exceeding  the  teaperature  of 
its  destruction). 


The  probable  service  life 
be  expressed  by  the  following 


of  insulation  in  hours  can 

equation: 

(9-57) 
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where  z0  - the  so-called  "nominal  service  life  of 
insulation"  at  "noninal"  permissible  temperature  6a;  0 is  the 

coefficient,  depending  on  the  aaterial  of  insulation,  and  9 
- temperature  of  insulation. 


P or  paper  insulation  (saturated)  at  nominal  permissible 

temperature  of  105°C  it  is  possible  to  accept 

h Ye  tit-  and  drq J . 

U - 13000  ✓(  1.5  vew)  ^ 0 - 0,088  jfeTT 

The  curves  of  the  dependences  of  the  loss  of 
elasticity  (solid  lines)  and  of  the  probable  service  life 
(broken  with  points)  of  saturated  paper  insulation  on 
temperature  are  given  in  Pig.  9-22. 

The  loss  of  elasticity,  i.e. , decrease  in  the  number 

cf  deal  bends  of  paper  insulation  at  temperature  of  105°C 
is  observed  after  only  10  days.  Therefore  prevailing  opinion 
about  the  admissibility  of  the  continuous  operation  of 
windiag  with  the  saturated  paper  insulation  at  temperature 

of  105°C  incorrectly  is  led  to  a decrease  in  the  normal 

service  life  of  insulation  of  up  to  1. 5-2  years. 


Page  365, 
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If  we  consider  the  diurnal  and  annual  fluctuations  of 

supply  voltage  and  temperature  of  the  environment  in  the 
closed  heated  locations,  then  the  coaaon/general/tota 1 service 
life  of  insulation  of  class  A,  designed  to  the  temperature 
in  100°C  at  aaxiaua  supply  voltage  and  greatest  temperature 
of  the  environment  (*40oC),  can  be  considered  egual 
approximately  to  2o  years  of  continuous  operation.  In  the 
case  when  in  entire  service  life  of  relay  the  general 
duration  of  remaining  on  the  winding  on  by  heating  does 
not  exceed  1000  h,  the  permissible  temperature  of  insulation 
can  be  raised  to  135°C. 

At  the  shorter  service  lives  of  relay,  the  temperature 
of  winding  theoretically  can  be  raised  still  more,  but 
virtually  at  temperature  above  180°C  insulation  of  class 
Very  rapidly  breaks  down  itself  (it  will  be  ignited). 


a*  set  til  5*3 
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Pig.  9-22.  Curved  of  dependences  of  loss  of  elasticity  and 

probable  service  life  wire  insulation  on  teeperatura : is 

loss  of  elasticity  of  insulation;  probable  service 

life  of  insulation.  1 - the  saturated  paper  insulation;  2 

- enanel  insulation  of  the  brand  PEL;  3 - enanel 
insulation  of  the  brand  PBV;  4 - is  enanel  of  insulation 

of  the  brand  PBTV;  S - Fiberglass  insulation  of  the  brand 
PSD;  6 - fiberglass  insulation  of  brands  PSOt  and  PSDK;  7 

poly vin ylf ornal ene  varnish;  8 - polianide  varnish;  9 

epoxy  varnish;  10  - epoxy-polyester  varnish;  11 

polyester- silicon  varnish;  12  - insulation  fron 

polytetraf luoroethylene. 

Key:  (1).  Hours. 

Page  366. 

Elasticity  of  the  fila  of  enanel-laquers  is  evaluated 
by  the  ability  of  insulation  to  aaintain/withstand  without 
the  foraation/education  of  cracks  and  daaages  in  coiling  of 
wire  to  the  cylinder  of  2-3-fold  heat  diaaeter  or  extension 
to  the  rupture  point  of  speciaen/saaple  by  length  250  aa 
of  fine/thin  wires  (diaaeter  0.1-0.25  aa)  . 
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The  wires,  covered  oil  by  enaael- la  guar  PEL),  after  7 
days  of  stay  at  teaperature  of  100°C  or  24  h at 

teaperature  of  125°C  aaintain/withstand  coiling  to  the 
cylinder  of  double  diaaeter.  'IP  Synthetic  naael-laquer 
Viniflex  PEV)  has  large  heat  resistance  and  does  not  lose 
elasticity  after  7 days  of  stay  at  teaperature  of  125°C  or 
24  h at  teaperature  of  150°C. 

If  we  in  Pig.  9-22  apply  these  points  and  to  draw 
through  thea  straight  lines  2 and  3,  to  parallel  line  1 

for  paper  insulation,  then  we  will  obtain  the  repr esentation 

of  the  stability  characteristics  of  elasticity  and  the 
probable  service  life  the  enaael  wire  insulation  of  brands 
PEL  (2)  and  PEV  (3). 

The  aodified  polyether/polyester  varnish  VBI  No  124, 
which  covered  the  wires  of  the  brand  PBTV,  barely  changes 
its  elasticity  after  reaaining  for  720  h at  teaperature  of 

180°C;  after  stay  during  15  days  at  the  teaperature  of 
200°C  wire,  is  saint  ain/withstood  without  the  daaage  of 
enaael  the  winding  on  to  the  cruxes  of  10-18-fold  diaaeter. 
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It  is  necessary  to  consider  that  in  the  airtight 
constructions  of  relay  at  temperatures  higher  130°C  during 
the  service  life  enaael  wire  insulation  begins  also  to 
■anifest  itself  the  effect  of  vapors  and  gases,  isolated  by 
insulating  of  housing  of  coil  and  wires. 


As  a result  of  the  effect  of  water  vapors  and 
aggressive  gases  at  elevated  temperatures,  the  service  life 
of  eaaael  insulation  of  wires  decreases  additionally. 

4 

Vices  with  fiberglass  insulation,  the  saturated  with  organic 
varnishes  brands  PSD  and  with  the  silicon  varnishes  of  the 
brand  PSOT,  PSDK  and  PSDKT,  can  operate  several  hundreds  ot 

hours  at  temperatures  with  respect  to  250-350°C  £9-7; 

9-8;  9-9]. 

On  the  basis  of  the  given  above  data,  in  Fig.  9-22 
are  constructed  the  tentative  curved  (4,  5 and  6)  stability 
of  elasticity  and  probable  period  of  service  of 
heat-resistant  enaael-laquers  and  fiberglass  insulation. 

figures  9-22  gives  also  the  average  curves  (7,  8,  9, 

10,  11  and  12)  of  the  heat  aging  (heating  stability)  of 
wires  with  insulation  from  pol yvinylf ormalene,  poliamide. 


IVWM 


4 
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•poxy  and  polyether/polyester  enaaels  and 
polytetraf luor oeth  y lene,  obtained  by  subcoaaittee  froa 
•l«ctrical  insulation  of  electrical  engineers's  Aaerican 
institute 

The  heating  stability  (theraal  aging)  of  insulation  of 
these  wires  was  deternined  fron  the  tine,  necessary  at  this 
teaperature  for  decrease  in  dielectric  strength  of  insulation 
to  the  preestablished  value  (obviously,  1000  V eff. ). 

Page  367. 

Data  on  the  heating  stability  of  the  wire,  isolate/insulated 
with  poly tetra flu oroe thy lene,  are  tentative. 


It  is  necessary  to  note  that  in  work  under  conditions 

, of  aechanical  vibrations  and  inpacts  the  service  life  of 

* 

insulation  decreases. 

» 

* 

Belay  usually  is  operated  in  periodic  behavior,  and  the 
tvaparttvr*  of  its  insulation  changes  depending  on  the 
fluctuations  of  the  teaperature  of  aabient  aediua,  change  in 

» 

the  supply  voltage  and  duration  of  the  deteraination  of 
windieg  for  current. 
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The 

wear 

of 

insulation  of 

relay  for  inf initesi nal  tine 

interval 

will 

be : 

rft 

whence  the  wear  of  insulation  for  certain  tine  interval  t 
is  equal  to; 

t = Z*  { ’**'*•  (9-58) 

o 

For  the  coaputation  of  integral*  it  is  necessary  to 
know  the  lav  of  a change  of  the  difference  (0  — 0,)  in 
function  of  tine. 

With  a constant  value  of  the  tenperature  of  winding 
the  wear  of  insulation  during  certain  period  of  tine  t in 
the  percentages 

{.“Vp-V  (9-59) 

The  wear  and  tear  of  insulation  of  relay  in 

percentages  for  sone  tine  interval*  for  eaanple*  for  year* 
if  for  this  tine  of  relay  it  was  included  by  n once  to 

different  tine  intervals  at  different  tenperatures*  it  will 

be: 

Cs  - V (9-80) 

i-n 

Considering  on  the  average  C*  constant  value*  it  is 

possible  to  deternine  the  coanon/general/total  service  life 


■ — I — 1 1 


| I ry>~  i 
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of  insulation  of  relay  in  the  years: 

*-?•  ¥.  ' •'  -(M" 

For  providing  the  coaeon/general/total  service  life  of 
relay  into  20  years,  the  wear  of  insulation  for  year  Cx 
aust  not  exceed  5o/o. 

Page  368. 


9*11.  Bxaaples. 


1.  Let  us  deteraine  greatest  tenperature  of  overheating 
of  winding  of  relay  of  type  RES9  under  noraal  conditions 
at  aabient  tenperature  of  20°C.  The  operating  voltage  of 
relay  is  equal  to  273  V,  winding  iapedance  500  oha  ± 

10 o/o. 

Proa  table  9-1  we  find  for  relay  of  the  type  HES9:  a 
* 80  and  - M*  c. 

At  snail  operating  voltage  32  V and  saallest  winding 
iapedance  S00  - 50  * 450  oha  the  tenperature  of  the 
overheating  of  winding  according  to  foraula  (9-22)  will  be 
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equal  to: 

2.  Let  us  deteraine  greatest  teaperature  of  overheating 

of  winding  of  relay  of  type  BES9  under  noraal  conditions 

at  aabient  teaperature  of  20°C.  The  spill  current  of  relay 
is  equal  to  11  aA,  operating  current  15  aA«  winding 

inpedance  3400  oha  ♦ lOo/o. 

Proa  table  9-1  we  find  for  relay  of  the  type  RES9;  b 

- 125  and  »1Q  * 55.7®C. 

At  operating  current  15  aA  and  greatest  winding 
inpedance  3400  ♦ 340  = by  3740  oha,  the  teaperature  of 

the  overheating  of  winding  according  to  fornula  (9-31)  will 
be: 

*r  ~ | « 125  - 0,015  ) ' 3740  — 55,7  - 58,8*  C. 

3.  Let  us  deteraine  teaperature  of  overheating  of 

winding  of  relay  at  voltage  30  v under  noraal  conditions. 

Binding  iapedance  of  relay  at  teaperature  of  20°C  is 
equal  to  500  oha#  the  calculated  cooling  surface  of  winding 


I 


j 

J 


10  cn* 


R - 


- 
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According  to  formula  (9-25)  t.ie  temperature  of  the 

overheating  of  winding  will  be  equal  to: 

164  V 


28,5  = 


164  3U 

i«r •«  Ksuo 


- 28,5  = 53, 3”  C. 


L 
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Page  369. 


Chapter  Ten 


TIRE  DELAY. 


10-1.  Transient  processes  upon  the  connection/inclusion  of 
relay. 


The  transient  processes#  which  occur  in  circuit  with 
connection  of  the  winding  of  relay  to  direct/consta nt 
voltage#  it  is  possible  to  analyze  with  the  aid  of  the 

equation: 

U = & + **,  (10-1) 

where  B is  the  effective  resistance  of  winding,  and  Y 
the  flux  linkage  of  the  winding  of  relay  with  the 
nonpul lied  arnature. 

Equation  (10-1)  is  written  on  the  assunption  that  the 

phenonenon  of  hysteresis  and  eddy  currents  can  be 

disregarded. 


td~  - 
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I n stable  condit  ions/node  d©/dt  » 0 with  t = and. 


therefore. 


,,  a ® — <DV 


Value  <Dy,  If  we  disregard  hysteresis,  it  is  deteraiaed 
in  accordance  with  Iy  froa  the  curve  of  the  dependence  <i> 
on  aw  for  this  type  of  relay  with  the  nonpullled  areature. 


The  character  of  the  curves  of  the  dependence  Y on  i 
or  <D  oe  aw  for  relay  with  the  nonpullled  and  pullled 
areature  is  shown  in  Pig.  to  10-1. 


In  the  case  of  snail  scattering,  it  is  possible  to 
count  that  *P  » Ou\  and  then  let  us  have: 

U~M  + w-*.  (10-la) 

for  the  solution  to  this  equation  it  is  necessary  to 
deternine  the  dependence  of  flow  froe  tiae  <J>  ■ f(t). 


DOC  * 78012418 


PAGE 


Page  370. 

Dependences  of  i on  t and  <D  on  t can  be  found  by 
different  net hods.  Let  us  exaaine  the  solution  of  this 
problea  by  conditional  linearization  as  sinplest. 


Let  us  replace  nonlinear  dependence  of  <I>  on  i with 
straight  line,  passing  through  point  a#  i»e.,  let  us  assune 
that  the  inductance  is  constant  and  does  not  depend  on  the 
current  strength*  In  this  case  M*  = <1 >ir  — Lyi,  and  equation 


(10-  la)  can  be  rewritten  as  follows: 

tr  rf® 

Solution  to  this  equation  gives: 
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<t>  -a>y(i  — t~  h 

Mhece  r - the  tiae  constant  of  relay  with  the  nonpul  lied 
araature: 


Equation  (10-2)  gives  the  law  of  the  growth/build-up  of 

aagnetic  flux  in  the  aagnetic  circuit  (core)  of  relay  upon 

the  connection/inclusion  of  circuit,  if  we  count  the 

inductance  of  constant.  Through  tiae  t * r,  aagnetic  flux 

reaches  0,632 -ay  The  steady  flow  value  reaches  virtually 
through  tiae  t * 3r,  in  this  case  d>  = 0.95 • tl>, . 

The  curve  of  dependence  of  <1>  on  t is  given  in  Fig. 

10-2.  For  plotting  of  curves  of  i * f (t)  it  is  necessary 

for  each  value  of  <i>  on  curved  d>  * f(aw)  in  Fig.  10-1  to 
find  the  appropriate  values  of  i.  The  obtained  thus  curve 

of  i * f (t)  is  shown  in  Fig.  10-2.  it  differs  froa  the 

_ 2 

exponential /f(l —«  *),  which  is  constructed  on  this  saae  figure. 


10-2.  The  tiae  for  aotion  to  start  of  araature. 


The  tiae  delay  is  coaposed  of  two  those  who  coaprise: 
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1)  the  tiie  interval*  necessary  for  the  grovth/buil  d-up  of 
the  aagnetic  flux  of  relay  to  the  critical  value  by  which 
the  araature  of  relay  begins  to  aove  and  is  reaov e/taken 

' \ 

froa  back  stop;  this  tiae  interval  is  called  tine  for 
aotioa  to  start  t„  and  2)  the  tiae  interval*  necessary  for 
the  action  of  araature  froa  kick-off  torque  to 
closing/  shorting  or  interrupting  of  tlie  corresponding  contact 
of  relay*  called  the  tiae  of  aotioa  j^. 

Thus*  the  tiae  delay 


+ tm.  (10-3) 
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and  currant  Croa  tine. 


Page  371. 


The  tine  of  operation  of  different  contacts  of  one  and 
the  saae  relay  differently  depends  on  the  sequence  of  the 
action  of  these  contacts.  In  the  changing  over  (reversing) 
contacts  usually  breaking  contact  Near/operates  lore  early 


than 

the 

closing. 

The 

current 

(flow) 

of 

contact/start 

is 

called  this 

value 

of 

current 

(flow) 

in 

the  winding 

of 

the  relay  with 

which 

the 

arnature  of 

relay 

begins  to 

nove 

and  is 

renove/taken  fron  back  stop. 


The  current  (floe)  of  function  is  called  the  value  of 
current  (floe)  in  winding  with  which  the  relay  coapletely 


mmmm 


mmtmm 
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wear/operates  (they  are  closed  all  closing  they  are  broken 
all  the  breaking  contact). 

Pickup  current  when  the  freewheeling  escapement  of  the 
armature  of  relay  is  present,  and  small  torque/mome nt  of 
return  spring  can  be  considerably  less  than  the  spill 
current#  but  usually  it  differs  little  from  spill  current. 

Hagnetic  flux  in  the  magnetic  circuit  of  normal  (not 
mowing  rapidly)  relays  grows  comparatively  slowly;  therefore 
eddy-current  effect  on  triggering  tine  can  be  disregarded. 


In  this  case 

the  time 

for 

notion  to 

start 

of  armature 

with 

operation 

of  relay 

is 

possible 

easily 

to  determine 

from 

formula 

(10-2). 

Be  assume 

that  the 

armature  of 

relay 

begins  to  «o»e 

at  that  torque/nonent  when  magnetic  flux  is  achieved  the 
flow  value  of  function  <D  = <t>e;  then  tine  t in  formula 
(10-2)  will  be  equal  to  the  tine  for  motion  to  start: 

— fly"  « , 

whence 


Taking  the  logarithm  of  both  parts  of  this  equality# 


we  find: 
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0*1*  ouMntor  and  the  denominator  of  the  left  side  ot 
equation  (10—4)  on  <D,,  a®  will  obtain  formula  for 
determining  of  the  tine  for  eotion  to  start  of  the  relay: 

* (10-5) 

Mkere  In  - 1)  - is  constant  of  action  and  K,  - th 

safety  factor  along  floe. 


If  the  magnetic  system  of  relay 

r #» 

K'  " ^ “ 7,  “ 


is  not  saturated,  then 


Page  372. 


In  the  majority  of  cases  the  ampere-turns  of 
contmct/start  A can  be  considered  equal  to  the  ampere-turns 
of  the  function  of  relay  (critical  ampere-turns)  ; 
consequently,  the  coefficient  K»  with  unsaturated  magnetic 
circuit  is  the  safety  factor  on  ampere  turns. 


The  cures  of  the  dependence  of  the 
on  the  safety  factor  is  given  in  Pig. 


From  equation  (10-5)  and  Pig.  10- J 
time  for  motion  to  start  of  relay  inci 


constant  of  action 
10-3. 

follows  that  the 
asms  proportional  to 
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time  constant  and  decreases  with  an  increase  in  the  safety 
factor. 

In  the  case  of  the  absence  of  the  series-conn ected 
resistor/resistance,  the  tine  for  action  tc  start  of  relay, 
according  to  formula  (10“5)#  will  be  equal  to: 

Let  us  aultiply  nuaerator  and  the  denoainator  of  constant 
time  by  I*  and  replace  L through  Kaw*;  we  will  obtain: 


'■» - ~fk~  |B 


In 


(10-6) 


where  p - the  required  power  and  .AH',  - the  ampere-turns  of 
the  function  of  relay. 

Proa  this  formula  it  follows  that  with  the  assigned 
aargia  of  safety  and  the  specific  unaaed  load  the  time  for 
aotioa  to  start  of  relay  is  inversely  proportional  to  the 
required  power. 

The  work  of  electromagnet  has  great  value  under  the 
condition  when  H,  — 


In  this  case  values  K0  and  A8*#  according  to  equations 
(4-52  a)  and  (4-65),  will  be  respectively  equal 

- in,  ■ AW%- 


to: 
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Fig.  10-3.  Carvtd  of  th«  dependence  of  the  constant  of 
action  on  the  safety  factor. 


Page  373. 

Substituting  in  equation  (10-6)  instead  of  K„  and  A»* 
of  their  values  on  last/latter  expressions,  ve  obtain  for 
the  tine  for  notion  to  start  of  relay  when  Rt-Ru  the 
following  expression: 

8FM. 


or 


/'  - r»  |n  ^6  jLrf  i JT| 

** - pw;K' lnTr^i  -p  Ki ln 

<tp  = y AT’ln  ji-j-.  x (10-7) 


1 
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With  dual  reserve  on  anpere-turns  ( K ( « 2)  tiae  it  is 

touched  by  relay,  according  to  equation  (10-7),  it  will  be 
equal  to; 


« y 2,77  ^ 

tl.M  1.08.4 

j y ' 

(10-8) 

where 

- tiae  in 

s,  A work 

in  na  and  A' 

work 

in  kg-cn. 

the  saall  value  of  the  tiae 

for 

notion  to  start 

of 

relay  will 

occur  with 

the  value 

of 

the  coefficient  of 

reserve  K» 

* 1.4;  in 

this  case 

= y 2,45 

#.M  0,96.4 

“ ~r  ~ 

(10-Sa) 

If  we  disregard  reluctance  becase  aagnetic  circuits, 

then 


Account  of  the  saturation  of  steel  of  aagnetic  circuit. 


For  deteraining  of  the  tiae  far  aoticn  to  start  of 
relay  taking  into  account  the  nonlinearity  of  nagnet  ization 
curve,  is  aost  better  used  the  aethod  of  the  graphical 
integration. 
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Pro*  equation  (10-1)  we  find: 


If  there  is  a curve  of  dependence  <X>  on  aw, 
easy  to  construct  dependence  <D  on  1/lw  - iw.  This 
dependence  is  shown  in  Fig.  10-4. 


The  tine,  during  which  the  flow  O will  change 
to  <t>ei  is  equal  to: 


<M> 


*« 


c 0ia> 


(10-9) 


then  is 


fron  0 


1 


J 


I 
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Page  374. 

This  integral  in  pig.  10-4  is  area  s,  liaited  by 
carve  and  the  axis  of  ordinates.  The  value  of  this  area, 
■ultiplied  by  w*/H,  upon  consideration  of  scales  f and  1/iw 
gives  the  tiae  for  aotion  to  start  of  relay. 

Account  of  eddy-current  effect. 

The  given  above  foraulas  for  tiae  for  notion  to  start 
do  not  consider  eddy-current  effect,  which  retard  the 
growthybuild-up  of  the  nagnetic  flax  of  relay. 

Let  us  designate  the  elongation  of  tiae  for  notion  to 
start,  produced  by  eddy-current  effect,  by  then  the 

coaaon/general/total  expression  for  the  tiae  for  aotion  to 
start  of  the  araature  of  relay  will  take  the  following 
fora: 

/Tp  = ^ + t>=Tl„_£L_  + <t  (1010) 
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Tiling  /,  analytically  is  extrenely  ccaplex.  The  tiae 

constant  of  the  circuit  of  noraal  relays  is  sufficiently 
great,  and  aagnetic  field  in  aagnetic  circuit  grows 
comparatively  slowly;  therefore  eddy-current  effect  upon 
connection/inclusion  largely  can  be  disregarded. 

Special  high-speed  relays  have  saall  inductance  and  the 
high  resistor/resistance  of  the  circuit  of  winding;  aagnetic 
field  in  the  aagnetic  circuit  of  these  relays  grows  very 
rapidly,  and  therefore  eddy  currents  have  noticeable  effect 
on  the  speed  of  operation  of  high-speed  relays. 

If  one  assures  that  the  aagnetic  field  in  the  aagnetic 
circuit  of  high-speed  relay  appears  instantly,  then  for  the 
calculation  of  the  elongation  of  triggering  tiae,  produced 
by  eddy  currents,  it  is  possible  to  use  foraulas  (11-25) 
and  (11-26),  given  it  is  below  (in  chapter  eleven)  during 
the  analysis  of  the  releasing  tiae  of  relay. 


10-3.  Tiae  of  the  aotion  of  ataature« 


During  the  notion  of  araature,  the  inductance  of  relay 
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changes  and  is  produced 
voltage,  which  decreases 


in  the  circuit  o f winding  of  back 
the  current  strength  on  section  ab 


of  growth  curve  of  current  (Pig.  10-5a). 


In  this  case  transient  process  in  the  winding  of  relay 

can  be  expressed  by  the  following  fornuln: 

I i 

I 

+ + + (10-11) 


if  we  disregard  the  effect  of  the  saturation  of  steel, 
then  with  notion  less  araature  inductance  can  be  considered 
constant  and  dL/dt  = 0. 


Page  375. 


The  eguation  of  notion  of  the  novable  systen  of  relay 
is  expressed  in  general  fora  as  follows: 

d x 

midi*  + rdi  + k*  + Ft  = F„  (10-12) 

where  at  - the  reduced  nass  of  aoving  pacts  of  the  relay; 


x - an  araature  travel; 


r - coaplete  specific  resistance  to  the  notion 
(proportional  the  first  degree  of  velocity)  of  araature  and 
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■oving  pacts  of  the  relay; 

k - the  given  rigidity  of  contact  and  return  springs; 

Po  ~ *n  initial  value  of  controlling  force; 

P*  ~ attracting  force,  acting  on  arnature. 

If  »e  disregard  initial  controlling  force  (F0  = 0)  and 
the  force  of  resistance  to  notion  (ri*  * 0).  then  the 

equation  of  notion  of  the  arnature  of  relay  it  can  be 
written  in  the  fora 

f*dx  = d'^‘  +Fmix,  (10.12a) 

where  v = dx/dt  is  the  velocity  of  the  notion  of 
arnature,  in  reference  to  the  point  of  bringing  nassr  and 

the  force,  which  counteracts  to  the  notion  of 

arnature. 

Equations  (10-11)  and  (10-12a)  are  nonlinear  and  can  be 
solved  by  the  approxinately  graphoanalytical  nethod  successive 

solving  of  [10-4,  10-6). 


1 


0OC  - 70012419 


PiGI  X <j(V- 

b) 


Fi9*  10“5«  Cirvid  ckto]M  of  coil  cititat  and  current 
linkage  during  notion  of  arnaturo  of  relay. 


Page  376. 

0et  us  present  equations  (10-H)  and  (10-12)  in  the 
finite  differences: 


P-iA+« 


and 


F'^  - A (?£)  + Fm A,. 


(10-13) 


(10  i; 


where  AY,  At  and  A(n,v*/2)  - finite  differences  in  the 

flu*  linkage  of  winding,  tine  of  notion  and  kinetic  energy 
of  arnature,  which  correspond  to  eleaentary  armature  travel 
Ax. 
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for  the  definition  of  the  tine  of  the  notion  of 
arnature  it  is  necessary  to  have  a fanily  of  static 

characteristics  V * f(i),  the  renoved  with  a series 

values  of  clearance*  as  this  is  shown  in  Fig.  10- 5b.  Than 

nore  internediate  curves  will  be  undertaken,  the  more 

precise  will  be  the  results. 

Fron  point  a,  which  corresponds  to  pickup  current,  we 
carry  out  straight  line  before  intersection  fron  adjacent 
curve  for  a gap  6t  - 6„  - Ax  in  such  a way  that  Y 

would  increase.  Then  we  deternine  area  OabO,  equal  to  work 

AW„  = F„Axt\ 

were  ^»i  is  an  average  attracting  force  on  the 
section  of  path  fron  6C  to  6,.  Fron  eguation  (10-14)  we 

find  the  velocity  of  arnature  at  the  end  of  the  first 
section  va.  Value  Fudx  we  deternine  fron  the  nechanical 
characteristic  of  relay. 

Set/assuaing  acceleration  by  constant,  we  find  the  tine 

of  the  notion  of  arnature  on  the  first  section: 

(10-15) 

epi 


where 
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Proa  Fig.  10-5b  we  find  increments  in  the  flux  linkage 
and  aurrent  on  the  first  section: 

AT,  = qjvi  A'»  - «,  — 4. 

Substituting  in  (10-13)  values  i*  - i,  + , AT,  and  At1# 


we 

check  the 

correctness  of 

the 

selection  of  cut  ab 

. With 

the 

nonconpliance 

of  eguality 

(10- 

13)  it  is  selected 

t he 

new 

direction 

of 

line  ab  and 

we 

repeat  calculation 

until 

is 

satisfied 

this 

equality. 

In  a sinilar  aanner  we  find  the  tine  of  the  notion 
of  araature  on  the  second#  the  third  and  reaaining 
sections. 


The  conplete  tine  of  the  notion  of  arnatnre  is  equal 
to  the  sun  of  the  tines  of  notion  on  the  individual 
sections: 

t„  = A<,  + A<,  + . . . -f  A/„.  (10-16) 

Figures  10-6  shows  the  oscillograas  of  current  i and 


of  the  aechanograa  of  the  notion  of  arnature  (6)  of 
nornal,  pulse  and  tine-lag  relay  of  the  type  BKN,  obtained 
experiaentally. 
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Page  377. 

Figures  10-6a  shows  that  the  tine  for  aotion  to  start  of 

the  tested  relay  of  the  type  RKH  during  function  was  equal 
to  20  as,  and  the  tine  of  the  aotion  of  araature  40  as. 

With  release/teapering  the  tine  for  action  to  start  of 
this  relay  was  equal  to  6.9  as,  the  tiae  of  the  aotion 

of  araature  6.2  as  the  chatter  tiae  of  araature  8.1  as. 

The  aotion  of  araature  with  release/teapering  has  strongly 
daaped  oscillatory  nature.  The  natural  vibration  frequency  of 
araature  is  equal  to  57  Hz,  the  chatter  tiae  of  araature 

8. 1 as. 

The  tiae  of  aotion  of  araature  of  the  pulse  relay  of 
the  type  RKH  with  grooves  (Fig.  10-6fc)  both  during  the 
function  and  with  release/teapering  is  considerably  less  than 
noraal  one.  The  frequency  of  its  own  oscillations  of 
araature  is  about  165  Hz. 

For  tine-lag  relay  of  the  type  RKN  (Fig.  10-6c)  the 
tiae  of  the  aotion  of  araature  with  release/teapering 
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reaches  to  40  as.  The  natural  vibration  frequency  of 
contact  springs  is  uithin  the  linits  approximately  fron  350 
to  550  Hz.  The  fluctuations  of  contact  springs  attenuate 
approximately  for  10-20  ms. 


Approximate  computation  of  the  time  of  the  notion  of 
armature. 


The  special  types  of  high-speed  relays  have  the  very 
slom  speed  of  armature,  comparatively  large  pole  gap  and 
armature  and  relatively  high  tension  of  the  return  spring 


of  armature 


Pig*  10-4.  Oscillograas  of  car rent  and  aechanograa  of  aotion 
of  araature  of  relay  of  type  oKH:  a)  noraal;  b)  pulse; 
cj  retarded. 


Page  378, 


In  this  case  it  is  possible  to  assuae  that  the 
torque/aoaent,  created  y attractiag  force  Mt.  aad  the 
reactionary  torque  of  spring  Mn  dariag  the  araature  travel 
cf  relay  virtually  reaain  constaata;  then  the  araature  of 
relay  will  conplete  the  uniforaly  accelerated  aotion. 


— Af„ 


(10-17' 
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where  J is  the  aoaent  of  the  inertia  of  araatare  relative 
to  rotational  axis  and 

pi  - the  angle  of  rotation  of  araatnre  in  radians. 

Integration  of  equation  (10-17)  gives: 


Ha 

Hi  ~ J * + ci  and 


M ~ M 

a~-±IJ-S',  + V + ct, 


where  integration  constant  Ci  and  we  find  froa  initial 

conditions. 


Hith  t = 0 


da 


57=0  = 0 and  Ci==0.  a = 0 and  c>  = 0 


Consequently. 


a — 


M.-Mu 
2J 


whence  we  obtain  foraula  for  deteraiming  the  tiae  of  the 
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^77 


■otion  of  the  araature  of  the  relay: 

tu~Yirt-i/m  (io-i8) 


At  saall  angles  of  rotation,  it  is  possible  to  count 
« • 6/C|,  where  ct  is  a distance  froa  the  rotational  axis 


of  araature  to  the 

axis 

of  core. 

Consequently, 

at  saall 

angles 

of  rotation 

and 

with  a 

constant 

value 

of  resulting 

aonent 

the  tine  of 

the 

notion 

of 

the 

araature 

of  relay 

will 

be  equal  to: 

” V yj  ~ V jfiw.T  " Y^-.-  ',0-,8,) 

where  aa  - the  reduced  Bass  of  araature,  equal  to  j/c*a. 


During  the  deter aination  of  the  coaplete  value  of 
reduced  aass,  it  is  necessary  to  consider  also  the  reduced 
aass  of  all  aobile  contact  springs,  powered  by  araature. 


The  araature  of  relay  usually  has  flat/plane  or 
L-shaped  fora  and  siaply  it  can  be  represented  consisting 
of  one  or  two  rectangular  plates  on  which  are  additionally 
fastened  the  rectangular  or  round  plates  of  different 
size/diaensions. 
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The  moment  of  the  inertia  of  the  armature  of  relay 


relative  to 

rotational 

axis  is 

equal  to  the  sua 

of  the 

aoaemts  of 

the  inertia 

of  its 

individual  parts  relative  to 

this  axis. 

Page  379. 

The  aoaent 

of  the  inertia  of 

rectangular  prisa. 

which  is 

turned  about  the  axis. 

passing 

through  aiddle  of 

one  of 

its  lateral 

sides  (unbalanced 

araature)  , is  equal 

t o: 

/ = y (/*+**) 

(10-19) 

where  ■ is  a lass  of  parallelepiped , equal  to  its  weight, 
divided  into  the  acceleration  of  gravity  , l - length  of 
parallelepiped  and  b - its  thickness'. 

The  thickness  of  araature  is  usually  saall  in 
coaparison  with  its  length;  therefore  value  b*  in  formula 
(10-19)  can  be  disregarded. 

The  principal  aoaent  of  inertia  of  rectangular  prisa, 
which  is  turned  about  the  axis,  passing  through  the  niddle 
of  parallelepiped  (balanced  araature),  is  equal  to: 

/~£<,,  + *,>~SA  (10-19a) 
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The  torque/aoaent  of  the  inertia  of  rectangular  prisa 
(of  rectangular  plate),  that  is  turned  about  the  axis,  not 
passing  through  this  parallelepiped,  it  will  be: 

J = V2  l'  + m (*»  + j)*-  (10-1910 

where  %x  is  a distance  froa  rotational  axis  to  the  nearest 

side  (beginning)  of  plate. 

The  aoaent  of  the  inertia  of  the  circular  plate,  which 

is  turned  about  the  axis,  not  passing  through  this  plate, 

/ = w(S  + /»,)«  (10-19&) 

where  d is  a diaaeter  of  plate  and  lz  - distance  froa 
the  center  of  plate  to  rotational  axis. 

The  aoaent  of  the  inertia  of  araature  can  be  defined 

experiaentally,  if  we  hang  up  it  on  knife  edge  or 
fine/thin  axis  in  such  a way  that  the  araature  would 
oscillate  as  physical  pendulua. 

The  frequency  of  oscillations  of  this  pendulua  is  equal 

to  j 


f 
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Hence,  the  aoaent  of  the  inertia  cf  the  araature 

4 «*/»  • 

“here  a is  a aass  of  araature,  /B  - the  distance  of  the 
center  of  gravity  of  araature  froa  the  rotational  axis,  g 

- the  acceleration  of  gravity  and  f - the  nuaber  of 

fluctuations  of  araature  per  second. 


Page  380. 


If  the  araature  of  relay  is  not  balanced  and  has  a 
fori  of  rectangular  prisa  the  rotational  axis  of  which 
passes  along  lateral  side,  then  according  to  foraulas 
(10-  18a)  and  (10-19)  the  tine  of  the  notion  of  this 

araature  with  a constant  value  of  net  force  of  attraction 


will  be  egual  to: 


, _ ! f 2™™  , / 

" V 3rf(^# -Fb)~Y  3^f(77-/-n)  “ y 


r 2Q.6 


where  Q - the  actual  weight  of  araature,  Qa  - the  given 
weight  of  araature,  g - acceleration  of  gravity  FD  - 

attracting  force  of  araature  and  F„  - controlling  force, 
created  by  the  load  of  araature. 
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Given  weight  of  the  armature,  which  has  the  form  of 


rectangular  parallelepiped. 


O -QP 
Vn  - 3^ 


If  Cl  » ?•  then  <?o  = <?3. 


The  reduced  lass  of  the  areature,  which  has  the  fore 


of  rectangular  prise, 


_ J ml* 
1 ~ 'I  ~ 3ef 


In  the  case  w 
areature  ux  = */3- 


hen  c,  = l , the  reduced  eass  of 


If  areature  is  syeeetrical  and  has  a fore  of 
rectangular  prise  that  c*  = and 


_ ml*  m 

1 i2c*  = y 


B.  Pik  gires  for  the  tiee  of  the  notion  of  armature 
following  expression  [10-21]: 


(10-20) 


where  e,  - the  reduced  eass  of  areature  in  kgf.  6 - the 
course  of  areature  in  a,  P - watts  and  c»  • - the 
coefficient,  depending  on  the  paraeeters  of  eagnetic  relay 


circuit. 


DOC  * 78012419 


PAGE  2th 


10-4.  Great  tiee  delay. 


The  tiae  for  aotion  to  start  of  relay,  according  to 
foreula  (10-5),  is  equal  to: 


*TP 


AT, 

jrr^T- 


For  obtaining  the  greatest  tiae  delay,  it  is  possible 
to  increase  tiae  constant  and  to  decrease  the  coefficient 
of  reserve  Kt.  To  avoid  a decrease  in  the  reliability  of 
the  operation  of  relay  and  stability  of  its  paraaeters  the 
value  of  the  safety  factor  should  not  be  taken  less  than 
1:«-1.5. 


Therefore  for  achieveaent  of  aaxiaua  triggering  tiae,  it 
is  necessary  to  ensure  the  great  possible  value  of  the 
tiae  constant  of  winding. 

Let  us  replace  coefficients  K0  and  C in  this  equation 
with  their  values  froa  expressions  (4-50)  and  (6-13) ; re 
obtain: 

<TP  = ln  f~r  ■ 


(10-21) 


I 


I 
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Disregarding  scattering  and  the  thickness  ol'  the 

insulation  between  the  core  and  the  winding,  is  possible  to 

rewrite  equation  (10-21)  as  follows; 

i - *&*&**•  a,  _ aft,  io-»  ir,  \ , 

* (<*„  + *)  1 A’,  — 1 op  lln  A",  - 1 rfc  +1  • ( ,0'21  •) 


whore  do  is 


diaaeter  of  core  and 


# - the  reduced  length  of  clearance  taking  into 

account  the  reluctance  of  steel  of  wagnetic  circuit. 

Consequently,  at  constant  values  « and  K,  the  tiae  for 
notion  to  start  of  relay  is  proportional  to  the  section  of 

core,  to  the  total  cross  section  cf  copper  of  winding 
flhkj)  and  it  is  inversely  proportional  to  the  average 
length  of  turn  [n  (d>  + A)]  and  to  the  specific 

resistor/resistance  of  wire* 


If  are  assigned  the  overall  dinensions  of  relay, 
deterained  by  the  outside  diaaeter  D and  by  the  length  of 
coil,  then  the  diaaeter  of  core  is  connected  with  the 
outside  diaaeter  of  coil  and  the  he ight/alt ituda  of  the 
winding  by  the  following  relationship/rat ic: 


Let  us 
let  as 


dc  = D-2k.  (10-22) 

replace  in  equation  (10-21)  do  through  (D 

designate: 


aft.  nr» 


2h) 


I 
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then  equation  (10-21)  it  Hill  be  rewritten  in  the  following 


fori  [11-5]: 


t _r  de*  . (D-2A)> 
^-e-27+T  = e— d^T 


(10-23) 


Page  382. 


Let  us  introduce  instead  of  the  height/altitude  of 


winding  h relatii 


line  h/D;  *e  will  obtain: 


tT  p = eD* 


tst 


(10-23.1 


In  this  case,  if  one  assuies  that  entire  space  of 
coil  occupies  core  ~ D and  h * 0) # then  the  tiae  for 

■otion  to  start  of  relay#  obviously#  will  be  equal  to 
zero.  If  we#  on  the  contrary#  to  assuae  that  entire  space 
of  coil  is  filled  by  copper  (i.e.  h = D/2) # then  the 

tiae  for  notion  to  start  of  relay  will  also  be  equal  to 

zero. 


The  condition#  under  which  tiae  for  aotion  to  start 


will  have  aaxiaua  value,  can  be  found#  equalizing  zero 
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derivative  of  (10-23)  by  h [11-5);  we  have 

+ *(*>- 2*)]  = 0 

or 

(/)  — 2A)(4A*  — 6/>A  -f-  P»)  = 0. 

First  solution  of  this  expression  gives  D ■ 2h  and 
deteraines  the  niniaua  of  function  = Benaining  two 
solutions  are  the  sguere  roots  equation: 

4A*  -6Dh  + D*  = 0. 

Value  h physically  cannot  be  aore  than  D;  therefore  aaxiaun 
deteraines  the  second  root  of  equation  with  ninus  sign: 

A - *P~^’48I?  *=  0,19 D.  (10-24) 

Substituting  for  d its  value  froa  (10-22)*  we  find  the 
advantageous  relationship/ratio  between  the  height/altitude  of 
winding  and  the  diaaeter  of  the  core  with  which  tiae  for 
notion  to  start  will  have  the  aaxiaun  value: 

A =0,19(2A  -Me) 
or 

A.0.30M,.  (10-25) 

The  anxious  value  of  the  tiae  for  action  to  start  of 
relay  can  be  obtained*  substituting  in  (10-23)  optiaua 
relstionship/ratios  (10-24)  and  (10- 2b): 

= 0,09a/)*  = 0,233«rf;  - 0,732^  10"*_  in  *1—  (10-26) 

pa  Mi  — i 

J 


trp.miK 


DOC  * 78012419 


PAGE  -24- 


Page  383. 


Thus,  the 

maximum 

value 

of 

the  tine  for  motion 

start  of  relay. 

other 

conditions 

being  equal,  is 

proportional  to 

section 

and 

the 

length  of  core.  With 

assigned  overall  dimensions  great  retarding/deceleration/delay 
can  be  reached  in  the  case  when  the  length  of  core  will 
approach  length  of  the  Magnetic  circuit  cf  relay  (two-coil 
relay) . 


Figures  10-7  gives  the  curve  of  the  relative  tine  for 
notion  to  start  of  relay  in  function  of  h/D  and 
with  constant  value  D.  Fron  this  curve  it  follows  that  an 
increase  in  altitude  of  winding  double  in  comparison  with 
optimum  (to  h = 0,61  dc)  decreases  tine  for  motion  to  start 
for  16o/o. 


flith  a constant  value  of  the  diameter  of  core  and 
under  other  equal  conditions,  the  time  for  motion  to  start 
of  relay  according  to  equation  (10-23)  increases  with  an 
increase  in  altitude  of  winding,  asymptotically  approaching 
the  limit: 
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Figures  10-8  shows  the  curve  of  the  relative  tiwe  for 

■otion  to  start  of  relay  in  function  h/d^  with  a 
constant  value  Fron  Fig.  10-8  it  follows  that  if  the 


relation 

h/dc 

exceeds 

unit,  then  that 

is 

led  to 

the  very 

poor  use 

of 

copper  and 

an  increase  in 

the 

overall 

size  of 

relay  and  required  power.  For  an  increase  in  the  tine  for 

■otion  to  start  of  relay  to  considerably  wore  rational 

increase  the  dianeter  of  core  and  to  decrease  the 
height/altitude  of  winding  down  to  optiaun  value.  The 

virtually  optiaun  height  of  winding  as  a result  of  the 
effect  of  the  paths  of  boundary/edge  and  lateral 
cond  activities,  apparently,  is  within  the  liaits  froa  0,35  <4 
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dependence 


start  of  relay  on  ratio  h!dc  and 


of  tine  for  notion 
h/D  with  constant 


to 

value 


D 


Pig.  10-8.  Curved  of  dapandanca  of  tine  for  notion  to 
start  of  relay  on  relation  with  constant  value  <• 


Page  384. 

The  investigations.  Bade  by  author,  shoved  that 
triggering  tine  of  valve  type  noraal  (not  retarded)  relays 
vith  the  pole  piece  (in  as)  depending  on  the  weight  of 
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steel  of  nagnetic  circuit  in  Units  approxinatel  y froa  10 

to  110  g can  be  expressed  with  a sufficient  degree  of 

degree  of  approxination  by  the  following  fornula: 

t ^ i/lMi — 1 .5  — o.W  2,7 Qc 

*!  m _______  (10-,'7l 

VK\Vm* 

where  Qc  is  weight  of  steel  of  the  nagnetic  circuit  of 
relay  in  grans. 


This  fornula  is  correct  within  the  Units  of  change  a 
approzinately  fron  1.8  to  8 and  the  safety  factor  fron  1.5 
to  3. 


The  weight  of  steel  of  the  nagnetic  circuit  of  waive 
type  relay  on  the  average  is  approzinately  40o/o  of  total 
weight  of  relay  (without  jacket). 


For  voltage  relay,  workers  in  local  circuit,  n ^ 2, 


and  triggering  tine 


2.KZ.  __  i.flQc 

Kf  V*  Fx?  ‘ 


(10-27*) 


With  dual  reserve  on  the  current  of  operation  (Kt  - 


2)  and  ■ « 2 


*^0,57^e. 


(10-17  fc) 


Triggering  tiaa  of  wnlvo  type  nnretarded  relays,  which 
do  not  hare  the  pole  piece,  is  approzinately  two  tinea 
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Pig.  10-9.  Carved  of  dependences  of  tiae  delay  on  weight 
of  steel  of  aag net ic  circuit.  1 - core  with  the  pole 
Piece.}  2 — core  without  the  pole  piece. 


Key: 

(1)- 

as.  ( 

Pa  ge 

385. 

Figures 

10-9 

tiae 

delay 

of  V 

<2) 

fron  weight 

reserve  on 

spill 

of  a 

* 2 

and  i 

line 

are  shown  < 

10,  obtained  ezperi lent ally.  By  dotted 
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10-5.  Miniaua  time  delay. 


Let  us  exaaine  the  tiae  delay*  connected  in  series 
with  resistor/resistance  rd  under  the  condition  of  the 
constancy  of  the  total  resistance  of  circuit  and  applied 
voltage  of  battery,  i-e-,  the  constancy  of  the  overall 
power  of  relay  circuit.  The  tiae  for  aotion  to  start  of 
relay*  according  to  foraula  (10-5)*  will  be  equal  to: 


Multiplying  nuaerator  and  the  denoainator  of  tiae 
constant  for  I2  and  replacing  L by  product  K0w*,  we  obtain 
the  foraula*  siailarly  to  equations  (10-6): 


_ In 
— »e/B  . _ r in 


A\ 


l'(R  + rd)  JT,  — I 


T* 


(10-6«) 


where  Pa  - the  total  power*  expended  in  the  winding  of 
relay  and  suppleaent ary  resistor/resistance. 


Proa  this  foraula 

it 

follows 

that  with 

an 

increase  in 

safety  factor  at 

the 

constant 

value  of 

the 

power  input 

p.ge 
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of  coostant  tiae  increases,  and  the  constant  of  action 
decreases.  Consequently,  at  certain  value  of  the  safety 
factor  the  tiae  for  aotion  to  start  of  relay  will  have 
ainiaua. 

For  deter ain ing  the  condition  under  which  tine  for 


aotioa  to 

start 

will 

be 

ainiaua. 

we 

differentiate 

last/latter 

expression 

with 

respect 

to 

Kt  and  equate 

derivative 

with 

zero; 

then 

we  obtain: 

or 


Let  us  designate: 


then 

^T=1  +« 

Substituting  new  designations  in  the  given  above 
equation,  we  obtain: 


21n(l-f-«)  = « or  1-f  «*=«*, 


DOC  * 78012419 


*3  I 


whence 


Page  386. 


It  is  consequent,  the  aaxiaua  speed  of  the  function 
(contact/start)  of  relay  in  the  assigned  case  will  occur 
with  the  safety  factor  along  flow  (on  aapere-tur  ns)  , equal 
to: 


1 + 2,5 
2,5 


= 1,4- 


(10-2  Vi 


Figures  10-10  gives  the  curves  of  the  dependences  of 
triggering  tine  on  the  coefficient  of  reserve  Kt  for  relay 
of  the  type  RKN  at  different  power.  For  a coaparison  in 
the  figure,  is  constructed  the  theoretical  curve,  designed 
according  to  for  aula  (10-6a). 


Froa  the  given  curves  it  follows  that  with  an  increase 


in 

the 

power 

the 

sharpness  of  the 

ainiaua  decreases  and 

its 

position 

is 

aoved  to  the  side 

of  the  large 

values 

it 

the 

power 

0.  5 

R,  conducted  to 

relay  circuit. 

t he 

ainiaaa  occurs  about  value  Kt,  equal  to  1.6,  while  at 
power  in  4.0  H - approxinately  2.5. 
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tiae  of  the  sot  ion  of  armature,  and  also  eddy  currents 
(the  not  taken  into  consideration  during  conclusion/derivation 
conditions  for  the  nininun)  more  powerfully  affect  the 
operating  tiae  of  relay. 


The 

sharpest  decrease 

in 

triggering  tiae 

is 

ob  served 

with 

the 

low 

safety 

factors 

on  ampere-turns 

from 

1 to 

1.  4-1 

-6, 

with 

increase 

Kt 

froa  1.5  to  2.5, 

time 

delay  does 

not 

virtually 

change 

both 

at 

large  and  at 

small 

power. 

Taking  into  account  the  possible  fluctuations  of  the 
voltage  of  battery  and  change  in  the  load  of  relay,  one 
should  recoaaend  for  obtaining  ainiaua  triggering  tiae  to 
select  the  coefficient  of  the  reserve  (on  ampere-turns) 
within  limits  froa  1.8  to  2.2. 

10-6.  Graphoanalytical  method  of  timing  of  the  function  of 
relay. 


Op  to  now  there  is  no  simple  and  sufficient  strictly 
substantiated  analytical  method  of  timing  of  the  function  of 
electromagnetic  relays.  Is  explained  this 


to 


the 


fact  that 
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the  processes,  which  occur  upon  the  connection/inclusion  of 
relay,  are  very  conplex.  The  coaplexity  of  these  processes 
is  caused  by  the  nonlinearity  of  the  dependence  between 


exciting 

current  and 

flow 

, the  nonuniforaity 

of 

flow 

distribution  according 

to 

section  and 

length 

of 

mag  netic 

circuit. 

as  a result 

of 

eddy-current 

ef  feet 

and 

scattering , 

and  the 

nonunif oraity 

of 

the  notion 

of  araature 

during  the 

function  of  relay. 

The  given  above  sinplified  analytical  aethods  of  tiaing 
of  contact/start  and  notion  of  araature  are  sufficiently 
coaplex,  they  reguire  auch  tine  and  are  not  characterized 
by  sufficient  accuracy,  since  they  are  based  on  a whole 

series  of  assuaptions.  Therefore  use  these  fornulas  one 
should  only  for  tentative  calculations,  during  the 

developaent  of  the  new  types  of  relay  or  when  there  is  no 

possibility  to  obtain  experiaental  naterials. 

For  deternining  triggering  tine  of  the  standard  relays, 
produced  by  industry,  is  considerably  aore  precise  and  aore 
convenient  the  graphoanalytical  calculation  nethod,  proposed 
by  author. 


1 
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The  time  delay  in  general  form  it  is  possible  to 

express  by  following  foraula  [10-20]: 

<cP  = tj,  + tM  = t In  + 

4-  4*  T Ip  ’ (^^9) 


where  are  dynaeic  anpere-turns  of  the  function  of  relay, 

the  value  of  which  depends  on  the  tine  constant  r,  of  the 
steady  anpere- turns,  construction  of  relay,  mechanical  load 
of  armature  and  its  noaent  of  inertia. 

Page  388. 


In  the  case  of  the  absence  of  supplementary 
resistor/resistance,  tiae  constant 


Minding  iapedance  of  relay  depending  on  the  size/di aensions 
of  winding  space  and  turn  number  is  expressed  by  foraula 
(6-11)  : 

R “ 1 +*)»•=  Cw*. 

With  the  assigned  turn  number  and  datum  of  the 
construction  of  resistor  coil,  of  winding  decreases  with  an 


I 
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increase  in  altitude  of  winding/coil  and  duty  factor.  The 
snail  value  of  winding  impedance  in  this  case  can  be 

obtained  (of  course,  only  theoretically)  nith  conplete 
filling  of  entire  winding  space  of  coil  (h  = fcm)  with  red 
copper  rectangular  wire  with  insulation  of  negligibly  snail 
thickness  (kj  - 1) : 


+ Km)  w*  “ 

where  is  a noninal  altitude  of  winding  and 


Cm  _ a aininun  value  of  equivalent  resistance  of  one 
turn  in  ohms. 


With  filling  of  entire  winding  space  of  the  coil 

The  aaxiaua  value  of  tine  constant  for  this  type  of  relay 
will  be,  obviously,  equally  to: 


Let 

us  designate  the  ratio 

of  the  aaxiaua  value  of 

tine  constant  for 

this  type  of 

relay  V«  to  the  actual 

constant 

value  of 

tine  by  n;  we  will  obtain: 

\ 


DOC  » 78012419 


fka*  M'U6 


Xn  the  absence  of  the  series-connected 
resistor/resistance  and  smallest  winding  impedance  of  relay 
/\  rae  value  of  coefficient  ■ will  be  also  equal  to  unity 
(»  * 1). 


The  real  winding  of  relay  will  always  resistive  sore 
and  the  greater*  than  less  filled  winding  space  and  is 
■ore  the  thickness  of  insulation  of  wire.  Consequently,  the 
incomplete  use  of  winding  space  of  coil  of  equivalently  to 
the  connection/inclusion  supplementary  resis  resistance 
consecutively  with  the  winding  of  the  relay: 

Km,  - ' (10-31) 

where  & is  actual  winding  iapedaace  of  oar  relay. 

Page  389. 


On 

the 

basis  of 

equation 

foraula 

for 

the  time 

constant 

as  fpllows: 


(10-30)  it  is  possible 
of  relay  circuit  to  rewrite 

(10- 30a) 


Substituting  in  (10-29)  for  the  tine  delay  instead  of 

its  value*  we  will  obtain: 

K AW  tr  j r 

tc*  = ln  Air=-ATrt = • (10-32) 
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Thus,  the  tine  delay  is  the  function  of  value  K0,  of 
coefficient  ■ and  of  the  safety  factor  with  respect  to  the 
dynaaic  aapere-turns  of  function  Ka. 

Value  K0  depends  on  clearance  and  the  magnetizing 
aapere-turns.  Dynaaic  aapere-turns  ar«  complex  function  of 
the  tiae  constant,  value  of  the  steady  aapere-turns, 
mechanical  load  and  aoaent  of  the  inertia  of  the  armature 
of  relay. 


The  determination  of  these  values  is  difficult; 
therefore  the  curves  of  the  tine  delay,  obtained 

experimentally,  aust  be  constructed  depending  oa  the 
coefficient  of  reserve  Kt  (with  respect  to  the  static 
aapere-turns  of  function)  and  the  value  of  coefficient  a 
which  do  not  depend  on  the  course  of  armature,  load  of 

relay  and  aapere-turns. 
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The  ampere-turns  of  the  function  of  relay,  undertaken 

froa  certificate*  usually  aaintain  narrower  certain  stock  (on 


certificate) 

whose 

value 

can 

oscillate  within 

liaits  froa 

1.1 

to  1*3* 

on 

the  average 

1.2.  Therefore 

for  tiaing  of 

the 

function 

of 

relay* 

it 

is  necessary  tc 

deteraine  the 

actual  real  coefficient  of  the  reserve  on  aapere*turns  which 
on  the  average  is  equal  to: 


a)  local  circuit. 


In  the  case  of  the  inclusion  of  relay  into  local 
circuit  (it  is  direct  to  battery  clips)*  the  value  of 
coefficient  a will  l>e  egual  to: 


(to-**) 


If  the  winding  of  relay  fills  whole  winding  space  of 
coil*  then  Cm  m Ci,  and 


W " US*  J5* 


Page  390. 


However*  virtually  filling  of  the  winding  space  of  coils 
alnost  always  differs  froa  lOOo/o;  there: ore  for  value 

deteraination  of  coefficient  a*  one  should  use  fornula 

(10-34). 
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b)  (The  series  connection  of  effective  resistance. 

Majority  compound  circuits  easily  it  can  be  converted 
relative  to  the  winding  of  relay  into  siaple  forward 
circuit. 


The  tine  constant  of  relay 
with  effective  resistance  r<e  is 

T = L = A'.T* 

ft  + rd  ft  + ra  ' 


circuit,  connected  in  series 
equal  to: 

(10-33) 


Substituting  in  expression 
value,  we  will  obtain  fornula 
coefficient  of  n in  the  case 
effective  resistance  in  relay 

m = — » + rA  _ ft  + r<! 

CmK,wt  C„,w » ' 


(10-30)  instead  of  r its 
for  the  conputation  of 
of  the  series  connection  of 
circuit: 


(10-36) 


Let  ns  aultiply  nuaerator  and  the  denoainator  of  expression 
(10-36)  os  /*  = l*cK\\  ee  will  obtains 

/•  (« + rj)  r 1 r 


m = 


(10-36t») 


where  P - the  power,  expended  in  relay  circuit,  and 


mm  MMM — MMM 
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Pc  - the  power  of  the  function  cf  relay. 


Thus*  value  a is  the  safety  factor  according  to  power, 
■ultiplied  by  factor  1/k3K*». 


Hith  dual  reserve  on  aapere-turns  and  ka  = 0.6 

m = 0,417 

rt 

c)  The  series  connection  of  inductance  and  effective 
resistance. 


Opon  connection/inclusion  consecutively  with  the  winding 
of  the  relay  of  inductance  and  of  effective  resistance  P& 

the  tine  constant  is  equal  to: 


_ - L+L d - Kv'+Ld 
R -f*  Rj  R -f  Rd 


(10-37; 


Substituting  in  (10-30)  instead  of  r its  value  fron 
equation  (10-37).  we  will  obtain  for  value  deteraination  of 
coefficient  a upon  the  series  connection  of  inductance  and 
effective  resistance  into  relay  circuit: 

(10-38) 


Cm  (*.«*«+ 1*) 


R + Bi 


Page  39 1. 
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set/assuning  in  equation  (10-38)  inductance  - °>  ««  obtain 

focnula  ( 10-36)  for  the  case  of  the  series-connected 
effective  resistance.  If  «e  include/connect  consecutively  with 
the  einding  of  relay  the  inductance,  which  has  the  sane 
paraneters  as  relay,  then  we  will  obtain: 

R + R R 


in  — — 


r ,y  , ***\  " 

r*l“  +TT  / 


i.<e.  in  this  case  the  value  of  coefficient  n does  not 
change. 

The  value  of  inductance  L is  assigned,  value  K0  vith 
this  clearance  and  the  assigned  anpere-turns  ve  detemine  by 
fornula  44-50)  or  we  find  through  experiaental  curve  for 
the  different  types  of  the  relays,  given  in  the  fourth 
chapter. 


d)  Effect  of  active  shunt. 

If  in  parallel  to  the  winding  of  relay  included 
effective  resistance  r">  (shunt)  and  consecutively  vith 
battery  (in  coaaon  circuit)  is  introduced  resistor/resistance 
then  tiae  constant  is  expressed  by  the  following  fornula: 


(10-39) 
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where  L and  B - inductance  and  winding  inpedance  of  relay. 

Substitutin9  in  (10-30)  instead  of  r its  value,  we 
will  obtain  fornula  for  determining  the  coefficient  of  n in 
the  work  of  relay  in  the  conpound  circuit: 


(10-40) 


in  the  particular  case  when  rd  = r„,  the  value  of  coefficient 
■ is  egual  to: 


D t 

_ + 2 
” 2Cmw*  “ Cm**  • 


(10-41) 


Jn  the  absence  of  shunt  or  series-connected 
resistor/resistance  (rrf  =oo  or  rd  — 0)  we  will  obtain  given 
above  fornula  (10-36)  for  sinple  series  connection.  For 
deternining  the  safety  factor  on  anpere-turns  K1(  it  is 
necessary  to  find  the  value  of  coil  current  of  relay  with 
the  aid  of  the  Ohn*s  laws  and 


Kirchhof f . 


1 
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e)  Effect  of  quadrature  winding. 


The  tine  constant  of  the  growth/build-up  of  the 
resulting  aagnetic  flux  of  relay  in  the  presence  of  second 
quadrature  winding  and  suppleaentary  resistor/resistance  rd  in 
the  circuit  of  the  first  winding  is  equal  to: 


t = —hi |-  hi 


(10-42) 


where  L2  and  R2  - inductance  and  the  effective  resistance 
of  second  quadrature  winding. 


Beplacing  La  and  L2  by  their  values,  we  will  obtain: 

_ A0“T  | A'oU)}  _ K0  f , . R,  + ,\ 

t-i?1+rd  + c^rTOP  + _Rr"’i)' 

Substituting  in  expression  (10-37)  instead  of  r its 
value  froa  last/latter  equality,  we  obtain  foraula  for 
deteraining  the  coefficient  of  a in  the  presence  of  second 
quadrature  winding  in  the  case  of  the  even  distribution  of 
both  windings  along  the  length  of  the  core: 


Ki = /( 0-4.3) 
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If  in  parallel  to  the  first  winding  included  effective 
resistance  rm  (shunt) , then  the  value  of  coefficient  a can 
be  deternined  by  the  following  forwula: 


(10-43a) 


If  quadrature  winding  is  absent  (*2  * 0 or  B2  3 •)  • 
then  of  (10-43)  we  obtain  foraula  (10-36)  for  the  case  of 
the  series  connection  of  effective  resistance. 

For  tiaing  of  the  function  of  tiae-lags  relay,  working 
in  coapound  circuits,  it  is  possible  to  use  all  given 
above  foraulas,  if  we  for  each  type  of  tiae-lag  relay 
reaove/take  experimentally  the  curved  dependences  on  a at 

the  different  Kt . The  value  of  coefficient  Cm  for  tiae-lag 
relay  is  deterained  by  the  size/diaensioas  of  the  useful 
winding  space,  occupied  only  by  inducing  uindiag  (space, 
occupied  by  quadrature  winding  is  not  considered). 


I 
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During  the  nonuniform  distribution  of  both  windings 

along  the  length  of  core,  changes  Magnetic  flux  distribution 
at  the  aonent  of  function,  and  therefore  in  this  case  the 
tiae  delay  cannot  be  designed  froa  foraula  (10-43). 

Page  393. 

f)  Calculation  of  relay  for  assigned  triggering  tiae. 


The  given 

below  curves  it 

is 

possible 

to 

also  use  for 

the 

calcu lation 

of 

relay  for 

any 

assigned 

tiae 

of  function. 

Froa 

these  curves 

it  follows 

that 

one  and 

the 

sane 

triggering  tiae  can  be  obtained  with  the  different  safety 
factors  on  aapere-turns,  if  we  select  the  appropriate  value 
of  coefficient  of  a. 

Therefore  during  the  calculation  of  relay  for  the 

assigned  triggering  tiae,  it  is  necessary  to  be  given  the 
value  of  the  coefficient  of  reserve  K*.  Above  we  narrower 

established  that  for  achieveaent  of  the  aaxiaua  speed  of 
function  the  value  of  the  safety  factor  on  aapere-turns  Kt 
aust  be  within  the  liaits  approxinately  froa  1.8  to  2.2. 

Being  given  the  value  of  the  safety  factor  within 
these  liaits,  we  find  through  curves  the  value  of 
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our 


relay  in  order  to  ensure  necessary  speed  of  response 


In  the  case  of  the  series  connection  of  inductance  and 


fornula  (10*38)  is  equal  to 


Substituting  in  formula  for  ■ instead  of 
from  last/latter  expression.  Me  obtain: 


rnCm0,8A'lyW>* -Vw  + nCmQ,*KxAWt  = 0, 

find  fornula  for  determining  the  turn 


the  minding  of  relay  during  its  calculation  for  assigned 


Page  394. 


If  consecutively  froi  relay  is  included  only  effective 
resistance  (Ld  = o),  then  fornula  for  a turn  nunber  will  take 
the  following  fora: 

W = 0fimCmK1AWc  ‘ (10-4i: 

The  value  of  the  supplementary  resistor/resistance  which 
aust  be  include/cosinected  consecutively  with  the  winding  of 
relay  in  order  to  obtain  preset  tine,  we  find  fro  a 
eguation  (10-44),  substituting  instead  of  w its  value: 

„ V u>  .. 

d — (10-47 

where  £\  - winding  impedance  of  relay. 

Supplementary  resistor/resistaace  r«  can  be  wound  on  the 
coil  of  relay,  if  the  total  power,  consuaed  in  this  case, 
will  not  exceed  the  aaxiaua  thermal  lead  of  relay. 

If  relay  is  shunted  by  effective  resistance  rm<  then 
according  to  810-40)  the  value  of  coefficient  a will  be 
equal  to: 

II 


1 


1 
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R+  r,t'  l + — ^ 

+ T+'«y  _ ** + %(-■■  + *) 


(<  + rl) 


On  the  other  hand*  according  to  (7-12)  we  have: 


AW  = O.Stf^W'c  = 


'*('■■  + *)  + *'«• 


whence 


Rrm  + rd  (rm  + R)  _ Uw 

rm  _o,wr1i«r0* 


(10-48) 


Substituting  (10-48)  into  expression  for  a#  we  obtain: 


oW.»(«  + ^ 


whence  we  find  foraula  for  deteraining  the  turn  nuaber  of 


the  winding  of  the  relay: 


0,8 CmK 


(10-49) 


where  r * is  the  suppleaentary  resistor/resistance,  connected 


in  series  with  battery  in  coaaon  circuit. 


Binding  iapedance  of  relay  we  find  froa  equation 


(10-48):  we  have: 


R "o,8r~.4lrc  (rB  + r4j 


i 


(10-48*) 
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Page  395. 


10-7.  Curved  for  tiling  of  the  fuqction  of  standard  relays. 


For  tiling  of  function  by  graphoanalytical  nethod  it  is 

necessary  previously  to  renove/take  experimentally  the  faiily 
of  curves  of  the  dependence  of  the  tine  delay  on  the 
value  of  coefficient  ■ with  the  different  safety  factors  on 
aapere-tur ns,  moreover  for  circuit  closing  contacts  and 
interrupting  relay  it  is  necessary  to  construct  separate 
faiily  of  curves,  since  triggering  tines  of  these  contacts 
are  different.  The  contact  systei  of  relay  of  the  type  HKN 

is  comprised  of  four  fundamental  cell/eleients:  No  1 is 

closisg/shorting,  No  2 - interrupting.  No  3 - switching 

with  interrupting  before  closing/shorting  and  No  4 - 

switching  with  closing/shorting  before  interrupting.  These 
relays  can  be  easily  controlled  in  such  a way  that  all 
circuit  closing  contacts  of  different  cell/eleients  would  be 
closed  virtually  simultaneously  and  all  circuit  opening 

contacts  of  these  cell/eleients  were  broken  also 
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approximately  simultaneously.  Therefore  independent  of  quantity 
and  type  of  contact  cell/eleaents  for  tiling  of  the 


function 

of 

relay  of 

the  type  HKN 

sufficient  to  have  two 

faailies 

of 

curves: 

one  for 

circuit 

closing  contacts  and 

another 

for 

circu it 

opening 

contacts. 

The 

contact 

systeis 

of  relay  of 

the 

type  RPN 

and 

type  100 

consist 

of  a 

large  quantity 

of 

different 

types 

the  contact  groups,  which  have  different  aechanical 
characteristics.  These  groups  are  constructed  according  to 
other  principles  and  by  no  leans  everything  can  be 
controlled  in  such  a way  as  to  obtain  approxiiatel y 
simultaneous  closing/shorting  or  interrupting  different 
contacts. 


Consequently,  the  tiie  delay  of  the  type  PM  (or  type 


100), 

loaded 

by  the  different 

types 

of  contact  groups. 

under 

one  and 

the  saie  largins 

of 

safety  and  other  equal 

conditions  - 

is  different.  Por 

the 

precision  deten  inat  ion 

of  triggering  tiie  of  these  relays  with  different  loads,  it 
is  necessary  to  have  for  each  type  of  contact  groups 
separate  curves. 
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For  the  tentative  timing  of  the  function  of  the 

different  types  of  the  relays,  loaded  by  one  group  for 
switching  and  connected  successively  with  effective 
resistance,  it  is  possible  to  use  the  carves  of  the 
dependence  of  triggering  tiae  on  power,  given  in  Fig. 
1-2  8 b. 


a)  Belays  of  the  type  RPN. 


For  tiling  of  the  function  of  relay  of  the  type  RPN 
Fig.  10-11  gives  the  curves  of  the  dependences  of 
triggering  tine  of  this  relay  on  the  value  of  coefficient 
a with  different  coefficients  of  reserve  on  aapere- turns, 
taken  experiaentally. 


Relay 

was  loaded 

by  one  contact 

group  for 

switching  No 

03 

(a). 

Adjustaent  of 

relay  noraal; 

the  course 

of  araature 

1.1 

aa. 

the  thickness 

of  nonaagnetic 

antistick 

strip  0.3 
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Page  396. 

By  solid  lines  are  constructed  curves  for  circuit 

closing  contacts,  and  broken  - for  circuit  opening  contacts. 

1ft  The  curves  of  the  dependences  cf  triggering  time  of 
this  relay  on  the  safety  factor  with  a constant  value  of 
coefficient  m = 1.9  are  given  on  Fig.  10-12. 

Value  Cm  for  a normal  relay  cf  the  type  RPN  is  equal 

to: 


c- '«•+*> - 

— * °S6 ”.e,<r*  [; <*.*  + *0.8)  + 6,6]  - 2,7 • 10~*  aha. 


With  an 

increase 

in  the  course 

of 

armature 

f r om  1.1 

to 

1.5 

tnin# 

the  time 

delay  increases 

ty 

15- 1 8o/o. 

To 

Fig. 

10-13,  are  given  the  curves 

of  the 

d epen  donees 

of 

the 

time 

delay  of 

the  type  RPN 

on 

the  value 

of 

coefficient  m with  dual  reserve 


I 


on  ampere-turns 


taken  with 
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three  different  loads  - 5,  10  and  15 
2 and  3 groups  No  102).  Value  of  the 
armature  of  relay  1.5  mm,  the  thickness 
antistick  strip  0.3  mm. 


contact  springs  (1, 
course  of  the 
cf  nonmagnetic 
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type  HPN.  1 - load  of  5 springs; 

springs;  3 - load  of  15  springs. 


2 - load  of  1 0 


Key;  (1). 


Page  398. 

From  these  curves  it  follows  that  the  tine  delay  w 
uniform  contact  load  does  not  in  practice  depend  on  the 
load  of  relay  (quantity  of  contact  springs);  it  depends 
only  on  the  value  of  the  safety  factor  cn  ampere-turns 
the  value  of  coefficient  of  m.  The  small  deviations  of 
tine  delay  with  different  loads  are  explained  by  an 
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inaccuracy  in  adjustment  and  by  errors  of  measurement.  An 
increase  in  the  load  of  relay  with  the  constant  value  of 
the  applied  voltage  and  the  constant/in variable 


resistor/resistance  of  circuit,  of  course,  will  lead  to  an 


increase  in  triggering  time  due  to  a decrease  in  value  K,. 


To  Fig.  10-14,  are  given  the  curves  of  the  dependences 
of  the  time  delay  of  the  type  RFN,  loaded  by  the 
different  types  of  contact  groups  cn  the  value  of 
coefficient  m with  double  reserve  cn  ampere-turns. 


Time-lag  relay  of  the  type  RPN. 


Time-lags  relay  of  the  type  FPN  depending  on  the 
necessary  degree  of  the  time  dilation  of  work  have  on  core 
(under  winding)  quadrature  winding  of  2,  4 or  6 layers  of 

bare  copper  (tinplated)  wire  as  diameter  0.5  mra.  The 
height/altitude  of  quadrature  winding  h,s  is  respectively 
equal  to  1.2  or  to  3 mm. 


■ 

■ 
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Pig.  10-14.  Curved  of  the  time  delay  of  the  type  PPN, 
loaded  by  the  different  types  of  contact  groups  with  Kt 
2;  solid  lines  are  circuit  closing  contacts;  broken  - the 
breaking  contact. 


Key;  (1).  ra  s. 


Page  399. 


To  Pig.  10-15,  are  given  the  curves  of  the  dependences 
of  triggering  time  of  time-lag  relay  of  the  type  RPN  with 
the  height/altitude  of  quadrature  winding  hh  = 3 »■  on  the 


j 


F 
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value  of  coefficient  ra  with  the  different  safety  factors  on 
ampere- tur ns-  Relay  loaded  by  one  contact  group  to  switching 
No  03,  the  course  of  armature  1.1  mm  the  thickness  of 
nonmagnetic  antistick  strip  0.3  mm. 

Value  Cm  for  time-lag  relay  is  calculated  from  value 
free  winding  of  space: 

<?„,=  SoS  <15'6  + 3-6)  = 5,86  • 10-«  ohm. 
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30  *o  so  n 

Pig.  10-15.  Curved  of  triggering  tine  of  time-lag  relay 
the  type  RPN  with  hK  = 3 mm. 


Key:  (1).  ■ s. 
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Pig.  10-16.  Comparative  curves  of  the  time  delay  of  the 
type  RPN  with  Kt  * 2.  1 - normal  relay;  2 - time-lag 


f 

I 
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relay*  *„-!  3 - Delay  relay  n„-i  an,  4 - tine-laq  relay  *»  - 

bh« 


Key:  (1).  m s. 


Page  400. 


Comparing 

these  curves  with  t'i 

g. 

10-11,  we 

are 

conv inced 

of 

the  fact  that.  trigger 

in  g 

t ime  for 

time-lag 

relay  at 

1 ow 

values  of  coefficient 

of 

m differs 

little 

from  triggering  time  of  the  normal  unretarded  relays-  But 
with  an  increase  in  coefficient  m triggering  time  of 
time-lags  relay  is  little  affected,  while  for  a normal 
relay  it  strongly  decreases. 

Thp  curves  of  the  dependences  of  triggering  time  of 
normal  (1)  and  the  deferred-action  (2,  3,  4)  relays  of  the 

type  RPN  on  the  value  of  coefficient  m and  of  the  safety 
factor  on  ampere-turns  are  shown  to  Figl*.  10-16  and  10-12. 


b)  relays 


of  the  type  RKN 


DOC  - 780 1 2420 


Kor  timing  of  the  function  of  noinu)  relays  ot  t tn> 
typo  RKN  for  Ki<j.  10-17,  hih  given  t lie  curves  of  the 
dependences  ot  triggering  time  of  t h relays  on  the  value 

of  coefficient  m with  the  different  safety  factors  on 
am  pe re-t  ur  ns. 
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the  type  RKH  (f  tont/leadinq  jaw  of  coil  is  copper;  cm  - 2,25 
ohm);  solid  lines  - circuit  closiru  contacts;  broken  are 
the  breaking  contact. 

Key;  (1).  ■ s. 


Faqe  401, 


i0"« 


The  curves  of  the  dependences  ol  the  ti»e  delay  of 
the  type  RKN  on  the  safety  factor  with  a constant  value 
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of  coefficient  m are  qivnn  on  Fig.  10-1fl;  these  curves, 
actually,  characterize  by  theasolves  the  dependence  of  the 
time  delay  on  the  applied  voltage,  other  conditions  being 
equal. 


The  front  jaw  of  the  coil  of  relay  of  the  type  RKN 
for  a decrease  in  the  vibration  of  armature  is  manufactured 
of  red  copper;  however,  copper  jaw  gears  down  of  function; 
therefore  for  high-speed  relays  both  jaws  are  manufactured 
from  getinax. 


Test  (stop)  relays  of  the  type  RKN  for  an  increase  in 
speed  of  response  have  a core  without  the  pole  piece.  Both 
jaws  of  the  coil  of  this  relay  are  manufactured  from 
qet inax. 


To  Fig.  10-19,  are  given  the  curves  of  the  dependences 

of  triggering  time  of  breakdown  of  relay  of  the  type  RKN 

on  the  value  of  coefficient  m with  the  dual  safety  factor. 
For  a comparison  to  Fig.  10-19,  are  shown  additionally  two 
curves  for  relay  with  the  pole  piece;  one  for  a normal 
relay  with  the  front/leading  jaw  cf  coil  of  copper  (1), 

another  for  relay  with  getinax  jaw  (2).  Relays  were  loaded 

by  two  groups  for  switching  {No  1);  the  course  of  armature 

i*  equal  to  0.8  the  height/altitude  of  the  plug  of 

loosening  0.3  na. 
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Pig.  10-18.  Curved  of  the  dependences  of  the  time  delay 
the  type  RKN  on  the  safety  factor  or.  ampere-t  urns;  solid 
lines  ate  circuit  closing  contacts;  broken  - the  breaking 
contact.  1 - normal  relay  (jaw  copper);  2 - test  relay. 


Key;  (1).  n s. 


Page  402. 


Prom  these  curves  it  follows  that  triggering  time  of 
the  test  relays,  which  do  not  have  the  pole  piece,  is 
considerably  shorter  than  triggering  time  of  normal  relays 


| 
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of  the  type  FKN.  At  low  values  of  coefficient  of  the 


tine 

delay  of  the  type 

RKN  does 

not 

depend  on  the 

■a to rial  of  the 

front/lead i rg  law 

cf 

coil; 

at  large  values 

cf  » 

triggering 

time  of 

n o i . a 1 re 

lay 

with 

front/leading  -jaw 

fro. 

copper  of 

t he  .ore 

ti.e  del  a 

y 

with 

■jaw  fro.  get  inax . 

The  greatest 

use  f u 1 

ho igh  t/a 1 1 i tud 

o o t 

the  wind ing  of 

relay  of  the  type  HKN  when  ot  calculation  Cm  was  accepted 
equal  to  b.7  a a: 

Cm  " «T17^ <9*5  + 6-7> -2.25- 10*  oh.. 

* ' 

Time-laq  relay  of  the  type  PKN. 

Depending  on  the  location  of  red  copper  plug  along  t lie 
length  of  the  core  of  relay  of  the  type  HKN,  as  is 
known,  they  are  divided  into  those  who  were  retarded  during 
function  and  those  who  wore  retarded  with  release/t e.pering. 


The  relay,  retarded  for  function 


has  a plug  of  the 
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end/lead  of  the  corn  (aqainst  s t » a t u r*»)  ; in 
delayed  for  release/t  paper  i n y,  tho  pluq  is 
heel.  The  relay,  retarded  for  function,  is, 
retarded  also  for  release/tenper inq. 


the  relay, 
urranqr/1  or at od 
of  course. 
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Fig.  10-22.  Curved  of  triggering  tine  of  the  deferred-action 

for  release/tempering  relays  of  the  type  RKN:  a)  the  length 
cf  plug  38  ram;  b)  the  length  cf  plug  25.5  ran. 

Key;  ( 1)  . m s. 

Faqe  405. 

The  degree  of  the  time  dilation  of  the  work  of  relay 


is  determined  by  the  length  of  plug.  Plugs  are  applied 
three  size/dimensions;  by  length  38  mm,  25.5  mm  even  12.8 
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To 

Fig. 

10-20, 

are  given  the  curves  of 

the 

dependences 

the 

time 

del  a y 

of  the  type  RKN,  delayed 

for 

f unct ion 

and  release/teiper ing,  on  the  safety  factor  on  ampern't.  urns 
with  the  plugs  of  different  length.  Tnese  curves  are 
obtained  with  the  filling  of  entile  winding  space  of  coils 
with  red  copper  wire  with  enamel  insulation  (d  = 0.10-0.14 
mm)  and  the  connection/inclusion  of  rclay  to  "pure/clea n" 
battery,  which  corresponds  to  the  value  of  coefficient  of  m 
approximately  1.74. 


From  Fig.  10-20,  it  follows  that  upon 


connection/incl usi on 

for  "Bath's  pure/clean"  to 

yard 

the  time 

delay. 

retarded  for 

re  lease/ ten pe ring. 

even  is 

less 

than  f or 

normal , 

not  time-lag 

relay.  Foi  the 

calculation 

of 

rela  ys 

of  the  type  RKN , retarded  for  function  and 

release/tempering,  at  the  different  values  of  coefficient  of 
m for  Figs.  10-2  1 and  10-2; 
dependences  of  triggering  til 
cf  coefficients  m and  K t . 


ar  e 

given 

the  curves 

of 

the 

o f 

these 

relays  on 

the 

val  ue 
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Pig. 

10-2.1. 

Curved 

of  t 

triggering  t m 

10  0 1 t i mo- lags 

re  1 

ay  0 

the 

type  KKN 

with 

largo 

load  (14  :i 

ipritign):  solid 

1 i no 

s i s 

the 

cireu  it 

clos i ng 

c ont 

act  s;  l'i  0K011 

the  break ing 

CO 

nt  act 

1 - 

1 e t a r il  od 

tor 

f u net  i 

on  (plug  1 M 

mm)  ; 2 - norm 

4 1 

re  1 a y 

(IrtW 

copper ) ; 

1 - 

rot  4i 

(led  toi  id. 

>4so/t capering  (p 

lug 

Irt 

mm  ) . 

Key : 

(1).  » 

s. 

Pago  40t>. 


I'mpiir  ing  these  curves  with  Fig.  wo  4 re  con  vim*  oil  o 
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the  fact  that  the  series  connect  icn  ot  resistor/resistance 
comparatively  barely  affects  triggering  time  of  time-lags 
relay#  while  in  normal  relays  this  dependence  is  very 
strongly  expressed.  Therefore  speed  advantage  of  the  function 
of  the  deferred- action  Cor  relf ase/temper ing  relays  of  the 
type  RKN  rapidly  disappears  upon  the  connection/inclusion  of 

supplementary  res ist or/ res ista  nco. 

All  these  curves  were  taken  with  the  load  of  relay  by 

twe  groups  of  switching  No  3. 

If  time-lag  relay  is  loaded  with  a large  quantity  of 

springs,  then  during  the  especially  careful  adjustment  of 
the  groups  when  all  circuit  closing  contacts  and 
interrupting  respectively  are  closed  or  are  broken 
simultaneously,  it  is  possible  to  obtain  virtually  the  same 
triggering  times  as  for  the  relay,  loaded  bv  one  group  No 
3. 


During  nonsi mul taneous  closinq/shortinq  and  interrupting 
of  the  corresponding  contacts  ot  the  different  groups  of 
relay,  the  contact  time  of  interrupting  will  strorgly  differ 
from  the  contact  time  of  closing/shorting.  For  the 
illustration  of  this  phenomenon  to  Fig.  10-23,  are  given 
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the  curves  of  triggering  time  of  time-lags  relay  af  the 
type  RKN,  loaded  by  fourteen  by  springs  and  controlled 
inaccurate  1 y . 

In  operation  the  heterogeneity  of  the  c'.osing/s hort  ing 
of  different  contacts  can  occur;  therefore  for  timing  of 
the  function  of  the  strongly  loaded  relays,  one  should  use 
last/latter  curves* 

During  the  computation  of  coefficient  Cm  for  time-lag 
relay,  is  accepted  only  useful  winding  space  without  taking 


into 

account 

of 

place. 

occupied  by 

the 

plug.  For 

time 

-lag 

relay 

w it  h 

plug 

length 

38  mm  value 

cm 

= 6,55- 10  • 

ohm. 

for 

relay 

with 

plug 

2S.5 

mm  coefficient. 

Cm 

= 4,05-10  '• 

oh  m. 

C)  relays  of  the  type  RES  1 4. 


To  Fig.  10-24,  are  given  the  curves  of  the  dependences 
of  triggering  tine  on  the  value  of  coefficient  m at 
different  values  K,  for  normal  and  time-lag  relay  of  the 
type  RES  14,  loaded  four  by  stud  switches.  By  dotted  lino 
are  shown  curves  for  the  breaking  contact. 


, 
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a)  normal  (Cm  - 2,82 -Mr*  ohm); 


6 

4 


b)  retarded  (AK  = 3,0  mm;  Cm  * 5,6 -10~* 
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Fig.  10-25. 
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Fig.  10-26. 


t 10  14  t0  SO 


Fig.  10—25.  Curvtnl  of  the  dependences  of  the  tuo  delay 
the  type  RES  1 4 on  the  safety  factor.  1 - noraal  relay 
a 1.8);  2 - tine-lag  relay  »**-»«■). 


Key:  (1).  a s. 


Fig.  10-26.  Curved  of  triggering  t inu»  of  the  different 


types  of  relay  vith  K,  = 2.  1 - type  KKNP;  2 


typo 


BKP-1;  3 - type  RES8;  4 - type  RfUJ ; 5 - type  RS-52; 

- type  7fcV*52PD;  7 - type  7*V#21PD:  8 - type  RcS22:  'i 


DOC  * 78012420  PAGE  %‘T" 

C)6l 

type  RES6;  lo  - type  RES9;  11 
RES15. 


Key:  (1).  ■ s. 


type 
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Pig.  10-28. 

Curved  of  the 

dependences 

of  the 

time  delay  on 

the  amount 

of  power  input 

at  load  by 

one  stud 

sw itch . 1 

- type  R KN 

; 2 - type  R N U 

; t - type 

RKN-1; 

4 

- type 

RESf>;  S - 

type  RES  10;  6 

t y pt«  RRSV 

(with 

t wo 

S tud 

sv it  ches) ; 

7 - type  RFS1S. 

Kt»y:  (1)-  a s.  (2).  H. 

Page  410. 

Values  of  coefficients  CIU  for  all  types  enumerated 
above  of  relay  are  given  in  table  n-4. 

The  curves  of  the  dependences  of  triggering  time  of 
these  types  of  relay  on  the  safety  factor  on  spill  current 
with  » <*  1.8  are  given  to  Fig.  10-27. 


For 

tentative  calculations 

for  Figs. 

10-28  and  10-29, 

are 

given 

the 

curves  of 

t he 

do pen de nee s 

of  the  time  delay 

of 

types 

RKN, 

RflU,  RKJ1-1, 

RKSh,  RES  10, 

h 

HES1S  and  RDCG  on 

the 

aaount  of 

power  input 

at 

load  b y 

one  stud  switch,  and 
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a relay  of  the  type  PES9,  loaded  by  two  stud  switches.  By 
dotted  line  are  shown  curves  for  the  breaking  contact. 


10-8.  Empirical  formulas  for  triggering  tine. 


The  graphoanalytical  calculation  method  is  simple,  but 
it  requires  the  presence  of  a large  quantity  of 
experimental  curves.  Therefore  lot  us  attempt  on  the  base 
of  experimental  curves  to  obtain  empirical  formulas  for 
timing  of  the  function  of  relay. 


From 

Fig. 

10- 

11,  it  follows 

t ha  t 

t he 

curves 

of  the 

de  pendences 

of 

t he 

time  delay  RPN 

on 

the 

value 

of 

coefficient 

m 

on 

logarithmic  scale 

a re 

on 

consider a ble 

section  virtually  straight  lines- 
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the  type  RDCG  on  power  (f*c  - »,*  »w)  . 

Key:  (1).  a s.  (2).  W. 

Page  4 11. 

with  the  dual  coefficient  of  reserve  (Kt  = 2)  the  curves 
of  the  tine  delay  of  the  type  rpn  very  differ  little  from 
straight  lines  within  the  limits  ot  a change  in  value  m 
approxiaatel y frow  1.8  to  S. 

Consequently,  the  dependence  of  time  consequently,  the 
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dependence  of  the  tine 
cn  the  straight  portion 
by  the  foraula  of  the 


delay  on 

the  value 

of 

of  each 

curve  can 

be 

following 

form: 

fcp 

coefficient  a 
appr  ox imated 


where  i„, , — triggering  time  which  would  have  relay  with  a 

3 1 and  this  coefficient  of  reserve  and  a - the  slope 

tangent  of  the  corresponding  straight  line  to  the  axis  of 
abscissas  (value  m = 1 when  h — hHi  and  k3  = 1). 


The  investigations,  carried  out  by  author,  showed  that 
during  a change  in  the  safety  factor  within  the  most 
frequently  encountered  limits  approximately  from  1.5  to  1 
value  with  sufficient  for  practical  calculations  accuracy 

can  be  expressed  by  the  following  equation: 

f».l  ~ ^Al^l  > 

where  <u  — is  equal  to  value  intercept/detached  on  the 

axis  of  ordinates  by  continuation  of  the  straight  portion 
of  curve  = / (A',)  and  by  b the  slope  tangent  of  this 

section  to  tha  axis  of  abscissas. 

Substituting  last/latter  expression  in  formula  for  the 
time  delay,  we  obtain: 


(10-50) 


DOC  = 78012420 


PACE  it<" 

<?// 


The  value  of  exponent  b of  valve  type  relay  varies 
usually  within  limits  from  1-4  to  1.6. 

if  we  disregard  eddy-current  effect  and  time  of  the 
motion  of  armature,  then  exponent  a,  according  to  formula 
(10-32),  must  be  equal  to  unity  (a  = 1).  Virtually  a 

approaches  unity  of  the  high  speed  (net.  retarded)  relay 

with  the  small  safety  factors  (Kj  = 1.5-2).  The  value  of 

quantity  a of  valve  type  normal  (not  retarded)  relay  at 

the  safety  factors  from  1.5  to  1 is  found  usually  within 
limits  approximately  from  0.7  to  0.05. 


Thus, 

the 

time 

delay 

of  valve  type  within  limits  of 

values  K4 

from 

1.5 

to 

3 

and  m from  1.6-1. 8 approximately 

to  5 can 

be 

ex  pressed 

approxr  mati.cn  formula: 

^ ‘“m-*".  (10-50«) 

Within  the  wider  measurement  ranges  of  value  m 
approximately  from  1.6-1. 8 to  10-12  curves  of  the  time 
delay  of  valve  type  approximately  can  be  replaced  by 
straight  lines,  that  have  the  slope  tangent  of  approximately 
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0.75 

(a  = 

0.  75)  . Such 

straight 

lines  for 

relay 

of  the 

type 

RPN 

with  K j = 2 

are 

shown 

to  Fig. 

10-11 

by  dotted 

line 

with 

points.  The 

deviat ion 

of  the  curves  of 

the  time 

delay 

from 

these  straight 

lines 

during  a 

change 

in  value  m 

from 

1.8 

to  10  does 

not 

exceed 

1 0o/o- 

Page  4 12. 


i 

I 


Consequently,  within  the  limits  of  changes  in 
coefficient  m from  1.6  to  10-12  and  the  safety  factor  from 
1.5  to  3 time  delay  of  valve  type  will  be  approximately 
equally  to: 

<cp  tklK;  "m-  = -■.-**  — , (10-504) 

V jt;  \rm* 

where  — the  value  /*,•  obtained  with  a * 0.75. 

For  the  case  of  simple  series  circuit,  substituting  for 
m its  value  from  equation  (10-36a),  we  obtain: 


i 


lA. m*r  /(*)■' 


(10-5^ 


Voltage  relay,  as  a rule,  is  included  without 


supplement  ary  resistor/resist  ance 


and  the  value  of 
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q>y 

co*4 t f icien  t m in  this  casp  depend  i ntj  cti  the  diameter  of 
wire  and  height/a It i t ude  of  windinq/coil  varies  with  in 
comparatively  small  limits,  approximately  from  1.7  to  2.1. 


Set/assuming  ■ = 2,  »e  obtain  for  hardly  th*  voltage: 

ti. 


*»i 


(10-50* 


p .M»7fT 

with  dual  reserve  on  the  spill  current  (K,  = 2)  and 


of  m = 2,  we  have: 


ton 


(10-50*' 


with  large  values  of  coefficient  of  m (approximately 
from  10  to  .10)  and  sa  t ot  y factor  from  l.s  to  3,  value  of 
exponent  a of  valve  type  relay  is  within  the  limits  from 
0.4  to  0.6,  and  the  t i me  delay  can  le  expressed  simpler 
approximation  formula: 

j»  , 

(10-50* 


The  value  of  quantities  ikl  and  «*,  for  any  un  retarded 


relay  of 

valve  type  can 

be  easily 

found  experimentally. 

Koi 

this,  is 

sufficient  to  measure  tlu 

time  delay  at 

se  ve  ra  1 

values  of 

coefficients  of 

m and  h,. 

to  determine 

value 

or 

from  formulas 

(10-Sofc)  ot 

(10-*>0f)  and 

to  f i nd 

average  from  the  obtained 

resu Its. 
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Tentative  value  /» i for  any  type  of  relay  can  be  found 

by  the  measurement  of  triggering  time  of  this  relay  at  K, 

= 2 and  m = 5.  In  this  case 

1»i  9,45V 


Page  411. 

Values  /kI  and  tin  for  the  different  types  of  relay 

are  given  in  table  10-1. 


10-9.  Effect  of  capacitance/capacity  on  the  time  delay. 


«•>)  the  connection/inclusion  of  ca paci tanco/capacit y in 
parallel  to  the  winding  of  relay. 


In  the  case  of  the  presence  in  the  teed  circuit  of 
common/general/total  supplementary  resistor/resistance  r4  (Fig. 
10-30)  the  connection/inclusion  of  ca paci ta nee/ca pacit y causes 
an  increase  in  the  time  delay.  Is  explained  this  to  the 


fact  that  at  the  first  t orque/*o»cnt  after 

connection/inclusion  the  current  qoes,  aainly,  to  charge  of 
capacitor,  and  only  with  boosting  on  its  ter nina l/g ri ppers 
increases  the  current,  passim)  through  the  winding  of  relay. 


T«bl«  10-1.  Values  of  quantities  it,  and  it,  for  the 


different  types  of  relay. 


Key:  (1).  Type  of  relay.  (2).  Load, 

contacts.  (4).  Breaking  contact.  (r')» 
test . 


Fig.  10-30.  Circuit  diagram  of  capac itanco/capacity  in 
parallel  to  the  binding  of  relay. 


Page  414. 


(3).  Circuit  cloning 
as.  (b)  . normal.  (7)  . 


1 
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Open  the  inclusion  ot  circuit  in  thn  case  of  aperiodic 
process,  the  value  of  the  current,  passing  through  the 

winding  of  relay,  as  is  known,  is  expressed  by  fallowing 
formula  [ 13-6 ]: 


where 


' “ JfT7;[1“*~M(chw»,+  (10-51) 


<»o  — l i*  — a', 


*•  “ r?5-1 


mm  *’fl( 


(\  + re)fe;: 


This  equation  cannot  be  solved  relative  tc  time. 


For  simplification  in  the  problem,  let  us  assume  that 
the  inductance  of  relay  is  small  and  resistor/resistance  r0 
is  equal  to  zero. 

In  this  case,  set/assuming  L * 0,  it  is  possible  to 
write  for  the  current,  passing  through  the  winding  of  relay 
upon  connect ion/in elusion,  the  following  expression: 

V - ' -± 

*“s+^(,_e  = v).  (lo-;.. 


■ *WI  f* 
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where 


c«n'< 

R+'i 


At 

t hat 

torque/moment 

when 

cci 

1 current 

of  relay  i 

achieved 

the 

val  ue 

of  spil 

1 cur ren 

6 

it 

4-» 

time  t will 

equal  to 

t he 

tine 

for  mot 

ion 

t o 

start: 

_ fTP 

/•-/-/e  Tc. 

whence  obtain  expression  tor  the  time  for  motion  to  start 
of  the  relay: 


ln> 


JT+^1” 


Let  us  find 
have  groat  value 


condition,  with  which  the 
with  a constant  value  of 


time  de  lay  wil  1 
power  input. 


The  power,  consumed  by  circuit  with  the  assigned 
voltage,  will  be  constant  in  the  case  of  the  constancy  of 
the  total  resistance  of  circuit,  which  let  us  designate  by 


letter  z. 
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Z = R + rd  and  R = Z — rd. 


Let  us  substitute  into  equation  (10-53)  instead  of  R -\- r4 
and  R of  their  value;  we  Mill  obtain: 

In  -jfa  - A (Zrd  - r«, 

where  A - a constant  value. 

He  differentiate  last/latter  expression  with  rpspect  to  r, 
and  equate  derivative  with  zero;  we  have: 


V?1  -=  Z — 2ri  = 0 or  R “ r4. 


paqe  4 15. 


Consequently,  the  great  time  delay  with  the  assigned 
voltage  will  occur  in  the  case  of  the  equality  of 
resistor/resistances  R and  r.. 


For  obtaining  the  greatest  time  for  notion  to  start 
with  a constant  value  of  power  input,  the  winding  of  relay 


r » 

. p 


1 


\. 

\ 


I I 


L 
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■ust  fill  whole*  winding  space  of  coil 


In 

this 

case  the 

ratio  of  the  inductance 

of  winding 

to  its 

resistor/resistance  is  the  value  of 

virtuall v 

i 

const  ant. 

not 

depend ing 

on  turn  number. 

To 

Fig. 

10-31,  is 

given  the  curve  of 

the 

dep  on  de  nee 

! 

of  the 

time 

for  motion 

to  start  of  relay 

in 

rels  t i ve 

i 

unity  on 

t he 

value  of 

the  relation  ot  resistor/resistances 

| 

r«.R. 

1 

1 

Front 

this 

curve  it 

follows  t h at  dur i ng 

a 

change  of 

the  relation  of  these  resistor/resistances  within  limits  fr 
0.7  to  1.3  the  time  for  motion  to  start  of  relay 
decreases  in  all  by  3o/o. 


om 


Let  us  substitute  into  foimul 


La  ( 10—53)  instead  of  r4 
its  value;  we  will  obtain  for  the  greatest  time  for  motion 
to  start  of  relay  the  following  expression; 


V 

— - i ,nAr~i  --  V,nfrL1T-£5Mn 

where 

t he 

product 

of  the  capacitance /capacit y 

by  w* 

is 

marked 

by  letter  n, ; 

Or*. 


(10-55) 
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The  power,  consuaed  by  relay,  is  equal  to: 


whence 


/>  = 


V 

iH  ’ 


4 P 


Fiq.  10-31.  Curved  of  the  dependence  of  the  time  delay  on 
the  relation  of  resistor/resistances  u/h. 


1 
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Let  as  substitute  into  equation  (10-54)  instead  of  r 
its  value ; we  will  obtain: 

^TP  M1KC  = In  g-  ^ j-.  (10-r>M 

Kith  a decrease  in  the  safety  factor,  tiae  for  notion 
to  start  increases;  however  fcon  the  considerations  of 
reliability  value  Kt  should  not  be  taken  less  than  two. 


If  we  accept  value  Kj  equal  to  tvo  <Kt  » 2),  then 


*rp  mikc  — 0,34 6r = 0,0217  , (10-5Hh' 

rc 


where  pc  is  power  of  the  function  of  relay. 
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Prom  formula  (10-56)  it  follows  that  the  greatest  touching 
time  during  actuation  is  directly  proportional  to  the  capacitance 
of  the  capacitor  and  the  square  of  the  battery  voltage  and 
inversely  proportional  to  the  relay  actuating  power. 
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Pig  10.32.  Curved  of  the  dependences  of  the  tine  delay  of 
the  type  RKN  on  the  value  of  coefficient  nt  at  the 

different  values  of  nagnitude  ■ and  Kt  3 2. 

Page  417. 

This  foreula  does  not  consider  the  effect  of 

inductance,  of  eddy  currents,  saturation  of  steel  and  tine 

of  the  notion  of  arnature.  Therefore  for  fining  of  the 
function  of  the  standard  relays,  shunted  by 
capacitance/capacity,  nore  accurate  results  gives  the 
graphoanal ytical  method,  constructed  on  experinental  materials. 

To  Pig.  10. 32,  are  given  the  curves  of  dependence  of 
the  tine  of  operation  on  the  value  of  coefficient  nt  for 
relay  of  the  type  RKN  with  the  different  values  of  value 

n and  dual  reserve  on  anpere  turns. 

In  the  absence  of  the  conon/ general/total  supp  lenentar  y 
resistor/resistance  r ^ -=*  0 (a  = 1.7)  triggering  tine  does 

not  depend  on  capacitance  of  capacitor,  while  with  the 

value  of  coefficient  nt  = b5.  10*,  triggering  tine  does  not 
depend  on  the  value  of  additional  resistance. 


I 
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the  actuating  time  decreases  with  an  increase 
in  the  coefficient  m,  and  with  n ^65*10^ 

With  iij  < 65«1 02^^on  the  contrary,  it  increases  with 

an  increase  in  the  supplementary  resistor/resistance. 


With  a constant  value  of  the  voltage  of  battery,  the 


■axiaaa  tine  delay  will  occur  with  r 


l 


(0.7-1. 3)  B. 


Let  us  substitute  into  fornula  410-36)  instead  of  r 
its  value;  we  will  obtain: 


m 


J?  + (0,7  4- 1,3)  if  (1,7  -S-  2,3)  C 1,7-5-  2,3  _ oo  . oo 
= 7^* = r r.  • a-0- 


Consequently,  with  value  n 3.3  tine  delay  has  great 

value. 

For  determining  the  tine  delay  with  the  aid  of  these 

curves,  it  is  necessary  to  preliminarily  find  value  nt  with 
the  aid  of  formula  (10-55). 

Figures  10-33  gives  the  curves  of  the  dependences  of 

greatest  triggering  time  on  the  value  of  product  C^R  for 

the  relay  of  types  RPK,  BKN,  RKH-1,  BS-13  and  MKU-48  at 
deal  reserve  on  aapere-turns  and  B - r i . 


•L 


I 
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for  a comparison  to  Fig.  10-33  by  dotted  line  is 
shovn  theoretical  curve  (6),  constructed  according  to  foreula 
(10.56a)  . 

From  Fig.  10-33,  it  follows  that  at  the  low  values 
C^«  foreula  { 10-  56a)  gives  very  large  error. 


Fig.  10.34.  Curved  of  the  dependence  of  the  tiee  delay  on 
the  safety  factor  on  aepere  turns. 


1 - type  RPN ; 2 type  RKN . 


Page 
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Therefore  for  tiaing  of  the  function  of  relay,  it  is 
possible  to  use  fornula  (10-5ba)  only  when  the  value  of 


(C^B>S) 


tine  constant  C^R  is  sore  than  five 

Triggering  tins  of  the  different  types  of  relay  at 
values  C^R>0.  1 differs  fron  each  other  coaparatively  little; 


'V 

therefore 

the  curves 

Fig.  10-33 

it  is  possible 

to  use  for 

the  approxiaate 

deter  aination  of 

triggering  tiae 

of  any 

relays  of 

the 

valve 

type,  approxiaately  analogous  in 

sixe/diaensions 

a nd 

constructions. 

The  given 

a bove 

curves  of 

the  tine  delay 

are 

constructed 

for 

the 

dual  safety 

factor  on  aapere-t urns.  For 

deteraining 

the 

tine 

delay  at  other  values  Kj 

Fig.  10-34 

gives  the 

curves  of 

the  dependences  percentage 

change  in 

tr igger ing 

tiae 

on 

the  value  of 

the  safety  factor. 

b)  Shunting  by  the  capacitance/capacity  of 

resistor/resistance,  connected  in  series  with  the  winding  of 
relay- 

This  diagraa  (Fig.  10-35)  frequently  is  appliel  for  an 
increase  in  speed  of  response  of  polar  relays  and  is 
called  "Maxwell's  earth/ground".  In  telephone  equipment  this 
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diagraa  is  applied  rarely,  since  capacitance  of  capacitor  is 
obtained  by  coaparat ively  large. 

Equation  for  growth  curve  of  coil  current  of  the 
relay,  connected  in  series  with  the  resistor/resist a nee, 
shunted  by  capacitance/capacity,  very  coaplicatedl  y and  cannot 
be  solved  relative  to  tine.  Therefore,  for  tiaing  of  the 
function  of  standard  relays  to  considerably  conveniently  use 

gr  aphoanal  yt  ical  aethod. 

Figures  10-16  gives  the  curves  of  the  dependences  of 
triggering  tiae  on  the  value  of  coefficient  n(  with  the 
different  values  of  coefficient  of  a and  dual  reserve  on 
an  pe  re-turns  for  relay  of  the  type  RKN.  (At  the  turn 

nuaber  of  winding,  equal  to  10.000,  value  nj  is  nuaerically 
equal  to  capacitance  of  capacitor  in  pP  x 10'). 

Froa  Fig.  10-36,  it  follows  that  a considerable 
increase  in  speed  of  response  can  be  obtained  only  at  the 

relatively  larger  values  of  suppleaentary  resistor/resistance. 

To  each  value  of  suppleaentary  resistor/resistance 
corresponds  its  advantageous  value  of  the  capacitance  of 
capacitor,  with  which  triggering  tiae  will  be  ainiaua. 


with 
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an  increase  in  the  supplementary  resistor/resistance,  the 
value  of  the  aost  favorable  capacitance/capacity  decreases. 


* 


Pig.  10.35.  Diagraa  "Harwell**  ear th/g round". 


Page  420. 

For  determining  the  aost  advantageous  value  of 
capacitance  of  capacitor,  it  is  possible  to  use  following 
forautLa  [ Jl.  10*20}: 

= ~R^  • (10-57) 

where  is  a capacitance/capacity  in  pP  and  L - 

inductance  of  the  winding  of  relay  in  H. 

For  a comparison  to  Fig.  10-37,  are  given  the  curves 
of  the  dependences  of  triggering  tine  on  the  value  of 
coefficient  a in  the  absence  of  condenser/capacitor  (C^  = 
0}  and  at  the  aost  advantageous  value  of  capacitance  of 


I.,_.  . ...  ....  . ...  -«  . „ 
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capacitor  fC ^ * 


Proa 

figure  it 

follows  that  the 

capacitance/capacity 

in 

all 

cases  increases 

speed  of  response 

of  relay;  however 

the 

gr eatest 

effect  the 

diagraa  "of  Maxwell's  earth/ground" 

gives 

at 

the 

large  values 

of  suppleaentary 

resist or/ re si st a nee. 

PAGE  * GrfLf 
L/»r^  > . 


Pig.  10.36.  Curved  of  the  dependences  of  the  tine  delay  ot 
the  type  RKN  on  the  value  of  coefficients  d,  and  a in 
diagraa  "Maxwell's  earth/ground". 


Pig.  10.37.  Curved  of  the  dependences  of  the  tiae  delay  of 
the  type  RKR  on  the  value  of  coefficient  a at  aost 


! 
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V* 

favorable  values  of  the  capacitance/capacity*  shunting 
euppleaentary  resistor/resistance. 

Page  42 1. 

10-10-  gxaaples. 

» 

1.  Let  us  deteraiue  tiae  for  aotio*  to  start  of 
relay*  loaded  by  one  stud  switch  of  type  RKN  with  power 
input  0.5  conputers  and  dual  reserve  on  aapere~turn s. 

Capacity*  necessary  for  switching  of  a contact  group  of 

the  type  RKM,  we  find  froa  the  wechanical  characteristic  of 

relay  of  the  type  RKN  on  Fig.  2-16: 

A <%.  5,0  I'  • cm  =*  0,005  mT  • cm. 


The  tiae  for  aotion  to  start  of  relay  we  deteraine 


with  the  aid  of  foraula  (10-8);  we  obtain: 


( 


i 


..  l.OM'  I.O0-  0,006 
'n>  “ jr  - 6,  5 — 


— 0,0100  m — 10,0  jtctu. 


2.  Let  us  deteraine  time  of  aotion  of  arnature  of 


relay 

of 

type 

RKN 

with 

value 

of 

net 

force 

of 

2 

21 

an. 

50 


The  aoaent  of  the  inertia  of  araature  is  equal  to  the 
sua  of  the  aoaents  of  the  inertia  of  its  horizontal  and 

vertical  parts.  Vertical  part  of  the  araature  for 
siaplif ication  to  present  in  the  fora  of  the  equivalent 
parallelepiped  in  size/diaension  20.6  x 22  x 2 an.  whole 
of  the  vertical  part  of  araature  Q * 2. 06*2, 2*0. 2*7. 8 = 

7.1  q.  The  length  of  the  vertical  part  of  the  araature  is 

equal  to  22  a a. 

Moment  of  the  inertia  of  the  vertical  part  of  the 
araature  relative  to  rotatloaal  axis 

, 7,1. 2,2*  ...  1/v-  , 

- a — roir~“’7‘1(^  *'"“**  • 


DOC  * 780124 


pagb  \y  ,, 

6 1 / 


The  horizontal  part  of  the  araatnre  can  be  divided 
into  five  rectangular  prises,  the  sue  of  the  eoaents  of 
inertia  of  which  relative  to  rotational  axis  is  equal  to 
?• 10“ * g«cn«s*.  Consequently,  the  connon/general/total 

noeent  of  the  inertia  of  the  arnature  of  relay  of  the 
type  BKN  relative  to  rotational  axis  is  equal  to  18.7*10”5 
to  g»cn*s*. 


Tine  of  the  notion  of  the  arnature  of  the  rel< 


•"  V 50*^5 


J.  Let  us  deternine  triggering  tine  of  nornal  relay  of 
type  BPN,  connected  in  series  with  resistor/resistance  in 
1900  oh*.  Winding  inpedance  of  relay  500  ohn,  turn  nu*ber 
10.500. 
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Belay  is  loaded  by  two  contact  groups  u (switching). 
Course  of  armature  1.1  mm,  the  thickness  of  nonmagnetic 
antistick  strip  0.3  mm.  The  adjustment  of  relay  is  normal 
The  ampere-turns  of  the  function  of  relay  are  equal  to 
110.  Nominal  voltage  of  battery  60  v. 

The  working  ampere-turns  of  relay  with  the  nominal 
voltage  of  battery  are  equal  to: 


AW 


Urn  60. <0500  „„ 

+ r„  “soo+lRB" 


Safety  factor  on  the  ampere-turns 


w _ 262 

1 0,8 -AWc  “6^715-2.«S. 


Value  of  coefficient  a according  to  formula  (10-36) 
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Hith  the  aid 

of 

values 

Kj  and  a we  find. 

froa  the 

carves  of  Figs. 

10-11 

tiae 

of  release  of  relay. 

C ircuit 

closing  contacts 

wear/operate 

through  9.6  as,  and 

b reading 

contacts  - through  8.5  as. 


4.  Noraal  relay  of  type  BPN  is  loaded  by  two  contact 
groups  u.  Course  of  araature  1.1  aa,  the  height/altitude  of 


>naagnetic  antistick 

strip  0.3 

an. 

Aapere-turns 

of  t he 

function  of  relay  100 

. Belays 

BUSt 

work 

through 

resistor /resistance  in 

2000  oha. 

It 

is 

necessary 

to 

calculate  the  winding 

of  relay 

in 

such 

a way  that 

the 

contact  tiae  of  interrupting  would 

not 

exceed  9 

ns  • 

Voltage 

of  battery  60  v. 

For  obtaining  the 

naziaua 

speed  of 

function. 

we 

take 

the  safety  factor  on 

aapere-turns 

K,  «= 

2.  Froa 

th  e 

curves 

} 
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pig.  10-11 

we 

find  the  point  of  the 

intersection 

of  line. 

which  corresponds  to  assigned  triggering  tine  (9 

as),  froa 

curve  for 

the 

dual  safety  factor.  To 

this  point 

corresponds 

the  value 

of 

coefficient  of  a * 18. 

With 

the 

aid  of  foraula  (10-46) 

Me  find  the 

turn 

nuaber  of 

the 

Minding: 

V 60 

0 ,*KxAW~eC^m  “ d.A  S lIO  2.710‘  IA  “ 70t10- 

Tk«  total  resistance  of  circuit  aust  be  equally  to: 

60  - 7000 


R + 'i 


Vw 


0,8A‘l-Of’c  0,8-2-  H0 


2380  om. 


Consequently,  the  winding  of  relay  aaat  resistive 

R - 2380  — 2000  « 380  <ut. 

Jf  v«  accept  the  height/altitude  of  the  winding/coil  of 
equal  about  3.5  aa,  then  according  to  diagraa  Pig.  6-4 
with  turn  nuaber  7000  Minding  iapedance  will  be  equal  to 
360  oha.  Hire  d = 0.13  an  of  the  brand  PEL.  Thus,  for 
providing  assigned  triggering  tiae  it  is  necessary  to 
include/connect  consecutively  froa  relay  the  supplementary 
resistor/resistance 

'<-380  - 360  - 20  •*. 

This  reaistor/resistaace  can  be  placed  in  the  fora  of 
the  second  double  Minding  to  the  coil  of  relay. 
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5.  Let  us  determine  triggering  tine  of  noraal  relay  of 
type  RKN,  connected  in  series  uith  resistor/resistance  700 
ohn.  Rinding  iapedance  of  relay  800  ohn,  turn  nuaber 
14.300,  the  spill  current  of  relay  17  aA.  Value  ~ 


H 


2«  25*10  * oha.  Noninal  voltage  of  batteries  60  v. 


Value  of  coefficient  a according  to  foraula  (10.36) 

..  _ *_+  't  _ BOOH- 700 

cn »*  2725  ■ i6-* . u “ 3,a6- 

The  safety  factor  daring  the  noninal  rating  of  work 
• ill  be  equal  to: 


v 


eo 


*'  “ /,(#+>*)  = 0,M7  • (5® 


= 2,35. 


The  values  of  quantity  t^|r  according  to'  tables  10-1, 
for  the  circuit  closing  contacts  of  relay  of  the  type  bkn 
are  equal  to  220  as,  for  breaking  200  as. 


Triggering  tine  of  the  circuit  closing  contacts  of 

relay  according  to  foraola  (I0-S0b) 

. _ ‘«i  220 

*«*>  r7====  **  :-r  ■■■■  r — a'  “ 25,2  mem. 

Vt{  Vm*  K2.35*  V£S6» 
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Triggering  tine  of  the  breaking  contact 


6.  Let  us  deternine  tine  delay  of  type  RPN,  shunted 
ty  capacitance/capacity  in  100  pP.  The  winding  of  relay  has 

57.000  turns  of  wire  as  a diaaeter  0.05  an  of  the  brand 
PEL.  Minding  impedance  21,600  ohn.  The  current  of 

functioning  of  relay  1.15  eA. 


I 5 


The  value  of  product  C.  B is  egual  tc: 

C„H  = 100  • 10-*  - 21  600  = 2,16. 

Proa  the  curves  Pig.  10-33  we  find  the  tine  delay 
with  the  dual  coefficient  of  the  reserve 

'cp  = “*• 

The  voltage  of  battery  aust  be  egually 

U = 2 • 1,15  • 10'»  • 2.21  • 600  = 100  «. 


DOC  « 780124  PAGE 


f ft 


Page  424. 


Chapter  Eleven 


RELEASING  TIME  OF  RELAYS. 


1^—  1 - Switch-off  transients  of  rel 


ay. 


The  disconnection  of  relay  can  be  produced  either  by 


opening 

(by 

disruption) 

relay  circuit. 

or 

by  the 

s hort ing 

of  its 

winding.  Let  us 

examine  first 

the 

second 

method. 

If 

we 

disregard  scattering,  then 

for 

the  case 

of  the 

shorting 

of 

the  winding 

of  relay  it 

is 

possible 

to  write 

following  the  equations; 

(11-1  > 

<D’  * the  magnetic  flux  of 


i 

V 


+ dJ,  ~ iR  f w-ff  — 0, 


where  R - winding  impedance  and 
relay  with  the  pullled  armature. 


DOC  » 780124 


PAGE  u 

q</Y 


At  xero  tine. 

at  t * 0,  i 

0/B 

* I y and  <P'  » 

“ d>,.  The  value 

of 

<1>;  is  deter  niaed 

in 

accordance  with  ly 

Iron  the  curve 

of 

dependence  of  d>' 

on 

an  (see  Fig.  10-1) 

The  solution  of  this  probles  Me  find  also  by 
conditional  linear  izat  ion,  replacing  nonlinear  dependence  d>' 
f (ae)  by  straight  line,  passing  through  point  b,  i.e., 
set/assuning  the  inductance  of  constant  ((d>'w  * L^i)  . 


In 

this 

case  equation 

(11-1) 

can  be 

rewritten  as 

foil oms: 

-0. 

s « 

(11-2) 

Solution 

to 

this  equation 

gives: 

i 

d>  = Oyt  V7, 

(11-3) 

uhere  r 1 

- 

the  tine  constant  of 

relay  with  the  pumed 

araatere: 

i 

t'  - 

l 

Ignat  ion 

(11-3)  gives 

the  law 

of  the 

decrease  of 

aagnetic 

flux 

in  the  nagnetic  circuit  of 

relay  with  the 

shorting 

of 

its  winding. 

if  we  count  the 

inductance  of 

constant. 


J 
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Through  tiae  t = 
the  aagnetic  flux  of 
while  through  tiae  t 


r*  after  the 
relay  decreases 
- 3 r.  it  will 


shorting  of  winding 
to  value  0.368*^ 
be  egual  to  0.05* 


It.  2.  Tiae  of  releasing  with  the  shorting  of  the  winding 
of  relay. 


The  releasing  tiae  of  relay  is  coaposed  of  two  those 
who  coaprise:  the  tiae.  necessary  for  reduction  in  current 
in  winding  down  to  the  critical  value  I0r*  by  which  the 


araature 

of  relay  begins 

to  aove. 

this 

tiae  is  called  the 

tiae  of 

kick-off 

t** 

rp 

and  the 

tiae. 

necessary  for 

araature 

travel 

f roa 

kick 

-off  tiae 

to  closing/shorting  or 

interrupting  of 

the 

corresponding 

contact 

cf  relay.  called 

the  tiae 

of  aot ion 

t" 

HR 

• 

i„  - <"-4> 

The 

value  tiae 

for 

notion  to 

start 

at 

release/te apering. 

if 

we 

disregard 

eddy-current  effect  and 
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remanent  induction,  it  is  possible  to  determine  fro*  formula 
(11*3).  At  that  sosent  when  the  magnetic  flux  of  relay 
after  the  shorting  of  winding  decreases  to  the  flow  value 
of  release/tesper  ing  - (50t  » tiae  t will  be  equal  to  the 

tiae  for  notion  to  start: 

. -Ill 

&0T  =■  r , 

whence  find  foraula  for  the  tiae  for  notion  to  start  (with 
releas^/te apering)  of  the  arnature  of  relay  with  the 
shorting  of  its  winding,  if  we  disregard  eddy-current  effect 
and  hysteresis: 

* » 

= (H-5) 

If  we  disregard  saturation  became  magnetic  circuits, 

then 

J-,  (ll-6) 

* QT 


Fiq.  11.1.  Curved  of  the  dependence  of  the  constant  of 
action  on  the  relation  • 


Page  426. 

For  the  facilitation  of  the  calculations  for  Fig.  of 
tl-1,  is  given  the  curve  of  dependence  ln^-  on  value 

jm.  ^OT 

<D 

: trom  tki • it  follows  that  with  an  increase  in 

o 

the  relation  the  releasing  tine  will  increase. 

Account  of  the  saturation  of  steel  of  nagnetic  circuit. 
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For  deteraiaing  the  releasing  tiae  of  relay,  taking 
into  account  the  nonlinearity  of  the  curve  of  aagnetization 
and  remanent  induction,  it  is  necessary  to  use 
deaagnetization  curve  of  the  aagnetic  circuit  of  relay  with 
the  pul  lied  araatuce,  which  is  shown  to  Fig.  11.2a.  The 
solution  is  better  anything  to  conduct  by  graphic  aethod. 

From  equation  (11-1)  we  find: 

*>  *'  2® 

dt  = -tfd®  ~ ■ 

nth  the  aid  of  carved  <&  « f (••)  oa  Fig.  11.2b  ee 
construct  dependence 


The  time,  during  which  the  flow  decreases  froa  the 
steady  (initial)  value  at  the  pul  lied  araature  to  the 

flow  value  of  the  release/teapering  of  relay  <!><*,  is  equal 


to: 

•OY 

*•  C 

'’*■*  4 »• 

(11-7) 

The 

integral 

of  eguation 

(11.7)  is  graphically  area  S, 

liaited 

by  curve 

and  the  axis 

of  the  ordinates  between 
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points  <J),  and  d>or  to  Fig.  11.2b. 


■)  a.)  I) 


Fig.  11.2.  curved  for  determining  the  releasing  tine  of 
relay  by  graphic  aethod. 

Page  427. 

These  formulas  do  not  consider  eddy-current  effect, 
which  retard  the  decrease  of  flow  in  magnetic  relay  circuit 


after  the  disconnection 

of 

its 

winding. 

Let  us 

des ignate 

the  elongation  of  the 

time 

of 

kick-off. 

caused 

by  the  < 

currents  by  t^  then  the  conaon/gener a 1/total  expression 

for  hhe  tine  of  kick-off  of  the  armature  of  relay  with 
release/te apering  will  have  the  following  fora 


(11-8) 
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11.3.  Releasing  tine  during  interrupting  of  the  circuit  of 
the  Binding  of  relay. 


Disregarding  the  effect  of  spark  (or  arc)  on  contacts, 
it  is  possible  to  count  that  during  interrupting 


(disruption) 

of  current 

circuit 

in 

the 

winding  of  relay 

disappears 

instantly.  In 

that 

case. 

if 

we 

disregard  the 

effect  of 

renanent  induction. 

the 

tiae 

f cr 

notion  to  start 

of  the  arnature  of  relay  with  release/teaper ing,  it  would 


sees. 

BUSt 

be 

egual 

to  zero.  However,  virtually  tiae 

for 

notion 

to 

start 

has 

finite  value.  Is  explained  this 

to  the 

fact 

that 

wit  h 

disconnection  in  the  nassive  parts  of 

the 

■agnetic  circuit  of  relay  appear  the  eddy  currents.  which 
retard  the  disappearance  of  aagnetic  flux  passing  through 
the  armature  of  relay.  Eddy  currents  in  arnature  and  base 
are  relatively  low,  their  effect  on  releasing  tine  in  nany 
instances  can  be  disregarded;  therefore  tiae  for  notion  to 
start  depends  nainly  on  size/diaensions  and  the  aaterial  of 
core  and  housing  of  relay.  Core  can  have  rectangular  as 
well  as  round  cross-section,  a housing  of  relay  it  largely 
has  rectangular  cross  section. 
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Let  us  exaaine  eddy-current  effect  on  the  releasing 
tiae  of  relay  [ 1.  4-11,  11-1,  11-2,  11-3,  11-4]. 

As  is  known , on  the  basis  of  the  equations  of 
Maxwell,  problea  it  is  possible  to  reduce  to  the  following 

equation: 

Si'S  — YPP*®  -0,  (11-9) 

where  v*  - the  operator  of  Laplace,  T - the  wector  of 
aagnetic  intensity*  y — the  specific  conductivity  of  core 
and  p - relative  aagnetic  per aeability. 

A)  the  aagnetic  circuit  of  round  cross-section. 


Expressing  fundaaent&l  equation  in  cylindrical  coordinate 
systea  and  taking  into  account  that  H is  function  only  r 
and  *,  we  find  expression  for  the  aagnetic  flux,  which 
passes  through  the  section  of  the  core: 

■>  «// 

<D%-4<D,  V 

4-4  ** 


(11-10) 
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where  <J>o  * ^»M**oHor*  “ the  initial  value  of  Magnetic  flux 
is  cor®  (at  cut  of  f)  • r * a radius  of  coro  sod  • tho 

roots  of  the  transcendental  equation  j^0lx.  )#  which  usually 
are  given  in  the  tables  of  the  Bessel  functions  of  the 
first  zero-order  kind  (in  the  presentee  of  i * 1 - 2, 

4048;  in  the  presence  of  i — 2 x4=  5.5201  and  in  the  presence 
of  i * 3 x^  » 8.4537). 

Page  428. 

Proa  last/latter  expression  it  follows  that  the  aagnetic 
flux  attenuates  according  to  the  laa  of  logarithaic  curve 
and  can  be  represented  by  the  infinite  series  of  partial 
flows. 


If  we  disregard  the  effect  of  the  haraonics  which 
attenuate  very  rapidly,  and  to  be  restricted  only  one  first 
canoe  of  a series,  then  we  will  obtain: 

4fl>  tail  - L 

"■*•*=  O.eOKD*  *...  (11-U) 

In  this  cane,  for  the  tine  constant  of  the  decrease 
of  flow  in  core,  it  is  possible  to  accept  the  expression: 

<«*•«» 

where  in  the  resistivity  of  steal  of  core. 


I 
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In  the  case  of  the  presence  in  the  circuit  ot  the 
■agnetic  circuit  of  air  gap  by  length  6 the  relative 
calculated  aagnetic  permeability  of  aagnetic  circuit  will  be 
equal  to: 


Hi 


(11-13) 


H + VV-1’ 

uhere  M - relative  peraeability  of  the  eaterial  of  core 
(they  stopped)  and  s^  - relative  peraeability  of  the  fora 
of  aagnetic  circuit. 

If  the  length  of  air  gap  is  small  in  comparison  with 
its  section,  then,  disregarding  scattering,  we  obtain  for 
the  relative  peraeability  of  fora  the  following  expression: 

where  \ - the  leagth  of  the  steel  core  of  aagnet ic 
circuit. 


Let  us  substitute  into  eguation  (11-13)  instead  of 


“f 


its  value;  we  obtain: 

J$Tr'wis£r»*  (11-13.) 

Value  6 ia  numerator  ae  disregard,  since  it  is  saall 
in  comparison  with  7. 
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Substituting  in  equation  (11-12)  instead  of  p the  value 
of  the  calculated  Magnetic  peraeability  of  aagnetic  circuit 
Pi  and  set/assuaing  at  the  pullled  araature  value  6 equal 
to  the  height/altitude  of  the  plug  of  loosening  60,  «e 
obtain  for  the  tine  constant  of  the  core  of  the  relay  of 
round  cross-section  the  following  expression: 


pp,  (i  -f  6«)  r* 

T“  = 5.78Miarn) 


5.78P,  (pft.  + 0 


(11-12*) 


If  we  disregard  reluctance  they 

pi  _ / < 

^ + \ ^ 

tine  constant  of  the  core  of  round 


becaae 


(m 


cross-section 


then 


T*t=5T^-  <***26) 

With  the  optiaua  relationship/ratio  of  the  values  of 
the  reluctances  of  steel  and  air  gap,  we  have:  111. 

1#  this  case  the  tine  constant  of  the  core  of  round 
cross-section  will  be  equal  to: 

1 * M«0- 


On  the  other  hand,  the  tine 
round  cross-section  will  be  equal 


T.l 

on  the  other 


2^7*7 

hand. 


-*Se- 

the  tine 


constant  of  the  core  of 
to: 

(11-14) 

constant  of  core  is  equal 


t 


I 
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to: 


•here  Lfil  - inductance  of  core,  Rftl  - electrical  core 
iapedance  to  eddy  currents  and  R^-  the  given  reluctance  of 
the  eagnetic  circuit  (core)  of  relay. 

If  we  disregard  scattering,  then  the  reluctance  of  the 
■agnetic  circuit 


i: 


\ 

I i 


Substituting  into  equation  (11-  14a)  instead  of  its  value 

*e  obtain : 


(11-144$) 


Equalizing  expressions  (11- 12a)  and  (11.146),  we  obtain 
for  resistor/resistance  to  the  eddy  currents  of  the  core  of 
round  cross-section  the  following  expression: 

(11-15) 

Page  430. 

If  the  surface  of  pole  Sn  is  greater  than  the  section 
t,  then  the  value  of  the  clearance  6*0 


■ 


of  core  S 


aust  be 


1 
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led  to  the  case  of  the  equality  of  these  areas.  The 
reduced  length  of  clearance  will  be  equal  to: 

"n 

Proe  equation  (11-11)  tie  find  expression  for  the  tine 
for  .notion  to  start  of  armature  during  interrupting  (break) 
of  the  circuit  of  the  winding  of  the  relay: 


'.<  = t„  In  0,691-^-. 

V01 


(11-16) 


nhere  flo*  with  which  the  relay  releases  its 


nrnatnre. 


BQ  the  nagnetic  circuit  of  flat/plane  section. 


Solwing  eguation  (11-9)  by  Fourier*s  net hod,  ve  find 
for  nagnetic  flux  in  the  nagnetic  circuit  of  flat/ plane 
sectipn  the  following  expression: 


«D  = O0^VV4_f-»V. 


(11-17) 


where 


-(S+S)  xxU 
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In  these  formulas  a and  b - the  side  of  rectangle 
(section  of  aagnetic  circuit),  ■ and  n - train  of  odd 
nuaber  s. 


Consequently,  magnetic  flux  in  core  is  the  sun  of  the 
infinite  nuaber  of  flows  (haraonics)  with  the  decreasing 
aaplitude,  that  daap  on  exponential  curves. 


The  upper  haraonics  attenuate  extreaely  rapidly  as  a 
result  of  quadratic  effect  and  ordinal  nuaber  on  damping 
rate.  Therefore  total  flow  in  the  core  through  very  short 
tiae  after  the  disconnection  of  winding  is  determined  that 
mainly,  by  the  fundamental  wave.  The  magnetic  flux,  created 
by  the  fundamental  wave,  is  equal  to: 

^ = = 0,660V  \ (11-18) 


For 

the  tiae  constant 

of 

the  decrease 

of 

is 

possible  to  accept 

the 

expression : 

T-  ‘ _ PPoY 

(11-19) 

--*1'  -(i+ 

w~ 

(«*  + *■)  •- 

flow 


in  core. 


it 


Page  431. 


If 

gap  by 


in  the  magnetic  circuit  of  aagnetic  circuit  is  air 
length  50,  then,  substituting  in  expression  (11-19) 
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instead  of  p the  calculated  permeability  of  magnetic  circuit 
from  equation  (11-13a),  we  obtain  for  the  core  of  the 
rectangular  cross  section: 


W*o  0 + fto)  <■*** 


5T- 


= ~ olftTT ijavT?*1  + *»)  (»*«.  + 1) («•  + >•)  - ' 

If  we  disregard  reluctance  they  becane  (p  w -) f then 
the  tiae  constant  of  the  core  of  rectangular  cross  section 


will  be  equal  to: 


Xt2  “ + *>*) ' 


(11-196) 


In  the  case  of  the  optinua  relationship/ratio  of  the 
values  of  the  reluctances  of  steel  and  air  gap  \ - p6„ 

the  tiae  constant  of  the  core  of  rectangular  cross  section 
will  be  equal  to: 

HP,*1*'* (11  -19b) 

T»2  ~ 2n*h  (a*  + **)  2n’Pi(«’  4 **)  *•  ' 

On  the  other  hand,  the  tiae  constant  of  the  core 


_ l 


(H-20) 


where  is  inductance  of  core,  Bfl2  - electrical  core 

impedance  to  eddy  currents  and  a^  - the  given  reluctance 
of  magnetic  circuit. 

Equalizing  expressions  (11- 19c)  and  (11-20),  we  obtain 
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for  resistor/resistance  to  the  eddy  currents  of  the  core  of 
rectangular  cross  section  the  following  expression: 


It  core  Is  assembled  ftos  the  large  nuebet  of  plates 
of  sheet  iron  |laainated  core),  then 


R 'tt  ■■ 


(ll~21a) 


where  n is  a number  of  plates  (sheets)  from  which  is 
assesbled  the  core  of  magnetic  circuit,  a and  bt 
and  the  thickness  of  each  plate  of  core  and  b - n 
thickness  of  core  (packet  of  plates)  . 


Value  bj"  in  the  numerator  of  equation  (11-2la)  we 

disregard.  since  it  is  small  in  comparison  with  a*. 

The  relation  of  resistor/resistances  and  R^z.  is 

equal  to: 


J?r.  .In'  (.»  + >t)  _ . 

(11-22) 

has  square  section  (a 

* b) , then 

(ll-22») 
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Consequently,  resistor/resistance  to  the  eddy  currents  of 
the  iaainated  core  of  square  section  at  equal  values  pt  3 
Pg  in  n*/2  tiies  is  eore  aassive  (nonlaainated) . 

Proe  equation  (11-18)  we  find  expression  for  the  tine 
for  notion  to  start  of  araature  during  interrupting  of  the 
circuit  of  the  winding  of  the  relay:. 

*■2  = In  0,66  gr—  . (11-23) 


11-4.  Elongation  the  tine  for  aotion  to  start  of  relay, 
caused  by  eddy  currents. 


The  given  above  conclusion/derivations  it  is  possible  to 
use  for  deteraining  the  elongation  of  triggering  tine 
(contact/s tart)  of  the  high-speed  relays,  caused  by  eddy 
currents. 

In  the  case  of  the  instantaneous  onset  of  field,  it 
is  ppssible  to  write  the  following  eguation: 


(11  -24 


t 


N 


Li 
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where  d>y  is  the  steady  nagnetic  flux. 

Disregarding  haraonics,  we  obtain  for  the  aagnetic  flux, 
which  passes  through  the  core  of  the  round  cross-section: 

» 

0,(1 -0,691#" 'S  (11  -24m  ) 

whence  find  foraula  for  the  elongation  of  the  t iae  for 
notion  to  start  of  relay  with  the  core  of  the  round 
cross-section,  produced  by  eddy-current  effect  during  the 
instantaneous  onset  of  the  nagnetic  field: 


0,691®  0,691/ 

= T,|  In  3,-^5,  “ T»‘ ln  7 — 77  * 

wy  * e 


(11-25) 


For  the  core  of  rectangular  cross  section,  the 
elongation  of  tine  for  notion  to  start,  produced  by  eddy 
currents  during  the  instantaneous  onset  of  nagnetic  field, 
is  equal  to: 

<11-26) 


. 0,66®,  , 0,66/ 

T-ln®^i#  1,1 -7^77* 


In  these  fornulas  the  tine  constants  of  the  growth/build-up 
of  flow  are  respectively  equal  to: 
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T»>  = 5.78f  , M,  +*) 


(ll-12a) 


•ad 


t»2  " **,1(«1  + k‘)(pft.  + ‘>  ’ 


(ll-19a) 


where  6j  is  the  given  clearance  of  relay  with  the 
nonpul lied  arnature. 


Page  433. 


Tine  of  the  notion  of  the  arnature  of  relay  with 
re  lease/te  nper  ing. 


iith  release/tenpering  the  arnature  of  the  relay  begins 
to  nove  at  that  torque/nonent  when  the  force  of  retention 
becomes  less  than  the  nechanical  load  F^. 

The  analytical  nethod  of  the  calculation  of  the  notion 
of  tire  arnature  with  release/teaper  ing  is  extreaely  complex; 
therefore  let  us  exanine  the  simplified  graphic  nethod, 
proposed  by  N.  A.  Lifshitx  [1.  10-3]. 
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Obtaining  dependence  curve  of  force  P 3.  which  operates 
on  armature  with  release/temper ing  from  the  course  of 
ar nature,  is  extremely  difficult;  therefore  during  calculation 
value  F3  let  us  consider  as  constant,  not  depending  on  the 
course  of  armature  and  egual  to  the  force  of  retention 
(rig.  11- 3a). 

This  assumption  considerably  decreases  the  accuracy  of 
calculation  and  limits  the  field  of  its  use,  mainly,  by 

the  high-speed  relays,  which  have  the  very  slow  speed  of 
armature. 


The  equation  of  notion  of  armature  with  the 
release/temper lag  of  the  relay 

f~Fa-Ft  = (11-27) 

mhere  a,  is  the  reduced  mass  of  araatare  and  6 
course  of  armature. 


■ the 


The  cur*e  of  the  dependence  of  net  force  p,  nhich 

operates  on  the  arnature  ,ith  release/tenpering  on  ar.atnre 
travel,  is  shown  to  Pig.  11- Jb. 

The  speed  of  the  motion  of  armature  is  egual  to 
<!«/<*  t|  consequently, 

f = ni)  jf . 
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Hence  we  find: 


dw  dt> 
m,  y»T 


Integrating  laet/latter 


M|Wl  — W#. 
•goat ion,  we 


obtain: 


<yj 


mom.  ABCD. 


Fig.  11-3.  On  the  caicelation  of  the  tie#  of 
of  nraatere  with  release/teaper lag. 


the  aotion 
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Consequently, 


2 mom  A BCD 

mi 


(ll-2vs 


through  values  we  find  froa  Fig.  11-3c,  the 

dependence  * 1(8)  • After  constructing  dependence  1/v.  « 

f,  (6)  (Fig-  1 1-3d) , we  find: 

i,  = i - dt>  = nnom.  abed.  (11-2V 

** 

In  Fig.  11- 3e  is  constructed  the  curve  of  dependence  t 
* f,(6)  and  is  shown  the  tise  of  the  notion  of  araature 
with  release/teapecing  t^ 


If  ve  assuae  that  net  force,  which  operates  an 
araature  with  the  release/teapering  of  relay,  is  constant 
and  does  not  depend  on  araature  travel,  then  the  tine  of 
the  notion  of  the  araature 


'n  - 


1 


/ 


y w^-F*r 


where  aa  - the  reduced  aass  of  araature,  is  e^ual  to 
j/c*,  J - the  aoaent  of  the  inertia  of  araature  relative 
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For  obtaining  the  aaxiaua  tiae  dilation  of  the 

re  lease/ tempering  cf  relay  other  conditions  being  egual  it 
is  necessary  to  have  the  aaxiaua  value  of  the  tiae 
constant  of  quadrature  winding. 

Let  us  substitute  for  K0  and  C§  of  their  value  froa 

expressions  (4-50),  (10-21),  (4-27)  and  (6213)  and  replace 

D0  through  d^;  we  obtain  [1.  11-5): 


k 
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nl k,  • »0_VJ*K . 4)  _ 
V(rfC+*«)  n<I,OT  + *« 


(li-an 


where 


- the  reduced  length  of  clearance  with  t he 


pullled  armature  taking  into  account  the  reluctance  of 


■agnetic  circuit,  d^-  - the  diaaeter  of  core, 

height/altitude  of  quadrature  winding  and 


the 


nlk,  ■ 10  ’ ® 
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This  expression  is  analogous  with  equation  (10-23)  for 
the  time  delay;  equalizing  zero  derivative  of  tc>^,rp  in 
terms  of  h^,  we  find  the  advantageous  relationship/ratio 
between  the  height/altitude  of  quadrature  winding  and  the 
diaaeter  of  core,  which  according  to  foraula  (10-25)  is 
equal  hK  = 0.306«dt.  Virtually  due  to  the  effect  of  the 

aa9nefci-c  resistor  /resistance  of  steel,  the  optimum  height  of 
quadrature  winding  will  be  within  the  liaits  approx iaatel y 
froa  0.25dt  to  0.3dc. 


With  constant  values  of 
the  relative  time  for  notion 
release/teapering  of  tine-lag 


diaaeter  and  lengths 
to  start  with  the 
relay  (just  as  tiae 


of  core. 


for  notion 


to  start  during  the  function  of  relay)  increases  with  an 
increase  in  altitude  of  quadrature  winding  in  accordance 


with  the  curve 

Fig. 

10-8.  Froa 

this 

curve 

it 

follows  that 

an  increase  in 

ratio 

h</dt  is 

■ore 

than  0. 

5 

irrat ionally. 

since  it  leads 

to  the  poor  use 

of 

copper 

and 

an  increase 

in  the  overall 

size 

of  relay. 

For  obtaining  the  larger  releasing  tine  of  relay,  it 
is  necessary  to  increase  diaaeter  and  length  of  core  and 
to  naintain  in  this  case  the  optinun  relationship/ratio 
between  the  height/altitude  of  quadrature  winding  and  the 
dianeter  of  core.  If  we  fulfill  the  housing  of  relay  in 
the  for*  of  the  second  core  with  quadrature  winding,  then 
the  releasing  tiae  of  relay  it  can  be  increased  a laost  two 
tiaes. 


11.7.  Relationship/ratio  between  at  tines  of  contact/start 
with  the  release/tea  peeing  of  nornal  and  tiae-lags  relay. 


Tiae  for  notion  to  start  during  interrupting 
(disruption)  of  the  circuit  of  the  winding  of  nornal  relay 
with  circular  core  is  equal  to: 
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t. 


T7*>. 


In  0,691 


a>  k 10-’M* 
5,7 +-JT' 


In  0.691 


3T~  • 

or 


The 

ratio 

t iae 

for  notion 

to 

start 

with 

the  shorting 

of 

winding  to 

tiae 

for  notion 

to 

start 

during 

int  erru  Fting 

of 

this 

windi 

ng  of 

relay,  if 

we 

disregard  in 

equa  tion 

(11-16)  coefficient  0.691  before  the  relation  of  flows,  will 
be  equal  to: 


OW.TP  


«'*,  lO  'rf**,,  5,78, A 5.78,, 


(11-32) 


Substituting  the  specific  resistor/resistances  of  steel 
Pi  = < 11-14)  • 10~s  Q*n  and  of  copper  p = 1.75*10~«  Q*»,  we 

find : 


7-5  = (3«,4 + 46,3)^ 


+ *» 


end  section. 
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with 

then 


If  relay  has  quadrature  winding  from  red 
the  optimum  wall  thickness,  then  k3  = 1 


= (36,4  + 46.3) 


0,30WC 

T306rff“ 


= 8,4  + 10,7. 


(11 -32a) 


copper  tube 
and  h*  = 0,300- 


Thus,  time-lag  relay  with  the  red  ccpper  tube  of 
optimum  thickness,  other  conditions  being  equal,  has 
approximately  8.4-10.7  times  the  larger  time  for  motion  to 
start  with  release/tempering  than  t ho  normal  unretarded 
rela  y. 


For  time-lag  relay  with  quadrature  winding  of  optimum 


height 

from 

the 

bare  wire  of 

round  cross-section. 

th  is 

se  nse 

oscillates 

tentatively  within  limits  from  6.6 

-3- 

• 

X 

O 

4-> 

Time  of 

con tact/start  with 

the  release/tempering 

of  th 

relay. 

wh  ich 

has 

dc  = 9 mm,  h 

- 6«  7 mm  and  k 3 = 

o 

« 

with 

shorting 

of 

winding  are 

a|  pro  xi  mutely  9.3-11.8 

times 

more 

than  during 

interrupting. 
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Figures  11-4  gives  tentative  the  curves  of  the 
dependences  of  releasing  time  for  valve  type  relay  wi+h 
pole  piece  on  weight  they  will  stop  magnetic  circuit  wi 
interrupting  1 and  the  shorting  of  2 windings  of  + he 
relay,  loaded  by  one  stud  switch  at  the  height/altitude 
the  plug  of  loosening  0.1  mm. 


By  dotted  line  are  shown  analogous  curves  for  relay 
without  the  pole  piece.  The  releasing  time  of  relay  can 
approximately  doubled  in  the  case  of  the  replacement  of 
housing  of  relay  by  the  second  core  with  quadrature 
winding.  Other  conditions  being  equal,  tor  an  increase  i 
the  releasing  time  of  relay  necessary  to  increase  weight 
they  will  begin  magnetic  circuits. 
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11-8.  Graphoanalytical  method  ot  timing  of  the  release  of 

relay. 


The  analytical  method  of  timing  of  the  releasa/tem perinq 
of  relay  due  to  the  difficulty  the  account  of  the 
saturation  of  magnetic  circuit,  leakage  fluxes*  eddy-current 
effect,  change  in  load  and  time  of  the  motion  of  armature 
is  extremely  complex  and  is  not  characterized  by  sufficient 
accuracy.  Therefore  for  timing  of  ♦he  release/tempering  of 
standard  relays  considerably  more  convenient  and  more  precise 
will  be  the  graphoanalytical  method,  proposed  by  author. 


The  releasing  time  of  relay  with  the  shorting  of  its 
winding  is  expressed  by  the  following  formula: 

tm  — ij  lu,#,-  "f*  -f-  tm.  (1 1-33) 

— OT 

During  interrupting  of  the  circuit  of  winding,  the  releasing 
time  of  this  relay  will  be,  obviously,  equally  to: 

= <.  + *»•  (11-34) 

Let  us  substitute  into  equation  (11-31)  instead  of  L1, 
R,  and  of  their  value;  we  obtain: 

t„  = *f-  In  ,£-  + /;==  £ln^-  + <i,  (1133*) 


where  value  C depends  on  tilling  of  the  winding  space  of 
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coil,  diameter  of  wire  and  thickness  of  insulation. 

Let  us  designate  by  u>B  and  Rt  turn  number  and  the 
resistor/resistance  of  some  winding  (desirably  filling  whole 
winding  space  coil);  then  the  releasing  time  of  relay  with 
the  shorting  of  its  winding  is  equally  to: 

"i  m ‘'i  wot 


where 


C *=  — 

■ 


Frcm  last/latter  equation  we  find: 

or 

Substituting  in  equation  (11-33a)  instead  of  its 

®OT 

value  from  last/latter  expression,  we  obtain  formula  for 
determining  the  releasing  time  of  relay  with  the  shorting 
of  its  winding: 

- TT  <*« - ? (t* ~ Q + K-  (41-35) 

Page  438. 


The  values  of  quantities  t„  and  t’0  can  be  easily 
obtained  experimentally  for  any  type  of  relay. 


If  the  winding  of  relay  is  shunted  by  effective 
resistance  rm,  then  the  releasing  time  of  this  relay  will 
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be  equal  to: 


e_u>» 

t or  — d I . (^uu  *•)  *i"  *•* 
K + rm 


The  releasinq  time  of  double— cci led  relay  of  which  one 
with  turn  number  u’„  and  by  resistor/resistance  ft*  it  is 
shortc ir cu it ed , but  another  with  parameters  w and  f it  is 
shunted  by  resistor/resistance  r„„  it  will  be: 


j ou'k  , A'0«’’  \ ® j #■ tr  1^*  j_  u>t  In-? — t-  t.. 

'ot  = + *+7^;  lnd£  + <»-AoU„+  u + rm  ®0T  - 


Substituting  in  this  equation  for  its  TalUe'  We 

obtain  formula  for  timing  of  the  release/tempering  of  the 
relay,  which  has  one  short-circuited  and  another  shunted 

wind ing : 


(c*.  + WT^)  (*«  - *i>  + 


(11-37) 


where 


Releasing  time  of  tine-lag  relay  during  interrupting  of 
the  circuit  of  winding  (rm  =oo) 

= — *»)  + <»•  (ll-37a) 

With  the  shorting  of  inducing  winding  of  ti«e-lag  relay 
releasing  tine 


for  = Cm  )(**■ — *♦)  + V 


(11  -37  b) 
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If  relay  has  three  windings,  th^n  the  releasing  time 
of  this  relay  in  general  form  can  tc  expressed  by  the 
following  formula: 

tm  =C"(*T+^  + V?^  + t%-  (,,*38> 

With  the  shorting  of  all  three  windings  releasing  time 
*ot  = 6’h(^  + + (ll-38a) 

For  timing  of  the  release/temper ing  of  standard  relays 
with  the  aid  of  the  given  above  formulas,  it  is  necessary 
to  have  experimental  curves  of  dependences  of  the  releasing 
time  of  these  relays  during  interrupting  t*  0 and  with  the 
shorting  of  any  winding  (desirably  filling  whole  winding 
space  coil)  t«H  on  the  load  of  armature  and  value  of 
clearance  at  the  pullled  armature  (heiyht/altitude  of  plug)  . 


Page  439. 


' 
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The  releasing  time  of  relay  of  any  specific  type 
depends  on  the  load  of  armature,  value  of  clearance 
(height/altitude  of  plug)  and  of  the  magnetizing 
ampere-turns,  which  occurred  before  interrupting  of  circuit. 

The  value  of  the  releasing  t im»  cf  relay  strongly 
depends  on  the  accuracy  of  production,  thickness  of  the 
layer  of  finishing  and  quality  of  the  assembly  of  magnetic 

contacts  (joints)  ; therefore  in  mass  production  it  is  very 

difficult  to  attain  the  uniformity  of  relay  on  the 

releasing  time,  especially  time-lags  relay. 

For  obtaining  the  assigned  releasing  time,  are  applied 

the  adjustable  ariature  plugs. 

The  deviation  of  the  time  of  release  from  nominal 

value  is  allow/assumed  within  limits  of  +30o/o,  actually 
sometimes  this  deviation  can  reach  to  tlOo/o. 


Other  conditions  being  equal,  the  releasing  time  of  the 
different  contacts  of  one  and  the  same  relay  is  also 
different,  especially  for  a high-speed  relay.  However,  in 
view  of  the  fact  that  the  releasing  time  of  the  normal 
deferred-action  types  of  relay  is  not  at  all 


and 
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char  act  erized  by  large  stability,  ate  sufficient  to  be 
restricted  to  the  determination  of  the  releasing  time  only 
circuit  closing  contacts  (i.e.  the  contacts,  which  are 
closed  during  the  function  of  relay). 

3,)  fielays  of  the  type  KPN. 

Figures  11-5  shows  the  curves  of  the  dependences  of 
the  releasing  time  of  a normal  relay  of  the  type  PPN  on 
the  load  of  armature  with  different  clearances  (different 
thickness  of  nonmagnetic  antistick  strips).  The  first  (upper) 

series  of  curves  is  obtained  experimentally  with  the 
shorting  of  the  winding  of  relay,  which  fills  whole  winding 
space  of  coil  (CH  = 4,5- 10  • ohm);  the  second  (lower)  series  of 
curves  is  obtained  with  disconnect  icn  (disruption)  value  the 


windings 


of  relay- 
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Fig.  11-*).  Curved  of  releasing  time  ot  normal  relay  of 
type  RPN  (C.  >=  4,5-10-*  ohm). 

Key:  (1).  ms.  (2).  g. 

Page  440. 

Measurements  are  conducted  by  magnetizing  force,  egual  to 


600 

ampere-tur ns. 

Load 

of  retort 

ion  for 

the  fundamental 

contact  groups  of 

relay 

of  the 

type  UPN  are  given  in 

fafcl 

e 11-1. 

For  timing  of 

the 

release/t 

sniper  ing 

of  relay  of  the 

type 

RPN  with  the 

aid 

of  these 

nirves, 

it  is  necessary 

prel 

iminarily  from 

fable 

11-1  to 

find  the  load  of  retent 
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in  grams,  created  by  the  contact  packet  cf  relay.  Then  by 
the  value  of  the  obtained  load  of  retention  and  the 

thickness  of  nonmagnetic  antistick  strip  tc  determine  by  the 
curves  of  Fig.  11-5  releasing  time  at  break  t»0  and  the 

shorting  of  winding  (filling  whole  winding  space  of  relay) 


Finally 

with 

t he 

aid 

of 

forma  las 

for  those  who  were 

assigned  the 

turn 

numbers 

and 

w ind  ing 

impedance  to  calculate 

the  releasing 

time 

of 

relay. 
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Table  1 1-  1. 


Loads  of 


the  retention  of 


relay  of 


the  t y pe 


RPN. 


ll 

P 

* S.* 

if 

f! 

It 

?if 

it 

01 

a 

54 

27 

f»> 

64 

02 

r 

35 

28 

jra 

54 

03 

14 

65 

29 

na 

73 

04 

ia 

74 

46 

aa 

82 

05 

zr 

95 

air 

41 

07 

ar 

73 

100 

pru 

92 

10 

rr 

62 

102 

gau 

103 

11 

zra 

85 

103 

giaa 

96 

12 

ur 

92 

105 

gua 

83 

13 

au 

102 

106 

gur 

74 

26 

J*a 

77 

107 

aaa 

119 

Key: 

(3). 


(1). 

I oad 


Number  of  drawing.  (2). 
of  retention  /y  y. 


Designation  of  group. 


Table  11-2.  Parameters  of  short-circuited  and  inducing 


windings  of  tine-lags  relay. 


v>s 

Tan 

pam 

TSET 

Roponto* 

iw  arrol 

oOmotkii 

A 

turn 

<P 

rlMWyH 

MMKnjTOt 

Par  •* 

$ 

Cm-  «•« 

PKH 

1=12,8  mm 

1=25,5  mm 
1= 38.0  mm 
4=4,0  mm 
JIap«AH«a 
men*  as 
weffi 

i 

9,15  • 10~* 
4,59  10~« 
3,08  10-* 
335  40-* 
77,0- 10“* 

2,92  10-« 
4.05  10-* 
6,55  10-* 
6,97  • 10  ‘ 

PKM-1 

» 

1x1  MM 

h =2  MM 

11,8- 10~* 
6,65  10* 

4.6  10  " 
7.18  ■ 10  * 

pKMn 

> 

% > 

1x2  MM 
h = 3 MM 

h = 4 MM 

8,36  • 10'* 
6,10  ■ 10‘ 
4,95  10  • 

5,32-  10" 
7,5  • 10- 
11,85  10  * 

phh 

> 

» 

1st  MM 

h = 2 MM  | 
h = 3 MM  | 

14,5  10  • 

7.95  • 10-‘ 
5,76  10-« 

3,38  10-* 
4,35  10-* 
5,86-  10-* 

j P3C14 

» 

» 

1 = 1 MM 

k = 2 MM 
4=3  MM 

8,65- 10"* 
4,85  • 10-* 
3,56  10* 

3,15  • 10 
4,26- 10  ' 
6,20  • 10  ‘ 

PMy 

1 = 17  MM, 

7.85  10-* 

16.3  10  • 

Key:  (1)  Type  of  relay;  (2)  Size/dimensi  - • of  quadrature  winding 

(3)  ohm;  (4)  front/leading  jaw  from  copper. 
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The  loads 

of  retention 

for 

relays 

of 

the 

type  RPN, 

given  in  Table 

5-12,  cannot 

bo 

used  r 

or  t 

i m i n g 

of 

release/tempering 

, since  they 

are 

given 

only 

for 

the 

calculation  of 

the  ampere-tui 

:ns 

of  re  to 

n tion 

and 

maintain 

production  (certified/rating)  stock. 

For  timing  of  the  release/temper  ing  of  time-lags  relay 
of  the  type  RPN  with  the  aid  of  the  curves  of  Fig.  11- 5f 
it  is  necessary  to  know  the  appropriate  value  of  quantities  CK8. 
The  values  of  these  guantities  are  given  in  Table  11-2. 

The  releasing  time  of  relay,  other  conditions  beinq 
equal,  depends  also  on  the  value  of  the  magnetizing 
ampere-turns.  Figures  11-6  gives  the  curves  of  the 
dependences  of  the  releasing  time  cf  relay  of  the  type  RPN 
on  the  magnetizing  ampere-turns  with  tho  different  thickness 
of  nonmagnetic  antistick  strips.  Relays 
contact  group  No  03. 


were  loaded  by  one 


to  t oo  m m 300  w soo  m woo  r\p 

' F/$-  H-&- 

Fig.  11-7.  Curved  of  releasing  time  of  relay  of  type  RK K ( CB 

3,2  -lo-*  ohm);  solid  lines  is  front/leading  jaw  of  coil  from 
copper;  broken  - front/leading  jaw  of  coil  out  of  getinax. 

I - release/tempering  with  the  shorting  of  winding;  II 

Release  with  the  disconnection  of  winding. 

Key:  (1).  ms.  (2)  . g. 


Fig.  11-8.  Curved  of  releasing  time  of  relay  of  type  RKN 
without  pole  piece.  I - release/tempering  with  the  shorting 
of  winding;  II  - release/tempering  with  the  disconnection  of 
winding. 


s.  (2).  g. 
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Fig.  11-9.  Curved  of  dependences  cf  releasing 
of  type  RKN  on  magnetizing  ampere-turns:  a i 
(jaw  copper);  b is  pulse  relay;  c is  test 
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6)  Relays  of  the  type  HKN. 


Figures  11-7  shows  the  curves  ot  the  dependences  of 
releasing  time  for  a normal  relay  of  the  type  RKN  on  the 
load  of  armature  with  different  c 1 •'<»  ranees  (different  plugs) 
Curves  are  taken  experimentally  foi  a normal  relay  with 
front/leading  jaw  of  red  copper. 

The  first,  series  of  curves  is  obtained  with  the 
shorting  of  the  winding  of  relay,  which  has  C«  *»  3,2 • 10 ! ohm 
the  second  series  - during  interrupting  (disruption)  of  the 
circuit  of  winding. 

For  relay  of  the  type  rkn  with  tront/leading  jaw  out 


of  getinax  curved  of 

the 

re loan 

. i nq 

t imo 

are 

design  at ed 

by 

dotted 

line.  Curves 

for 

t.  i m i n g 

of 

t he 

re  lea 

se/tempe  ring 

of 

relays 

of  the  type 

RKN, 

wh  ich 

<1  o 

n ot 

h a ve 

the  pole 

piece 

are  given  in  Pig.  11-8. 
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The  loads  of  retention  foi  t tie  fundamental  contact 
cell/eleaents  ot  relay  of  the  t y pi'  rkn  are  given  in  Table 
r>- 1 t.  This  table  one  should  use  tor  determining  the 
coamon/gener al/tot a l load  ot  the  a r mature  cf  relay. 

Figures  11-*)  gives  the  dependences  ot  releasing  time 
foi  a normal,  pulse  and  test  relay  ot  the  typo  rkn  on 
the  magnetizing  ampore-turns  at  the  ditterent  height /alt  it ude 
of  plugs. 


The  values  of  quantities  (',  necessary  tor  timing  ot 
the  release/tempor ing  ot  tise-lags  relay  of  the  typo  RKN 
with  the  aid  of  the  curves  ot  Fig.  11-7,  are  given  in 
Table  11-2. 


C)  Relays  of  type  RKM-1. 


For  timing  of  releass/t ompec ing  Fig.  11-10  gives  the 
curves  of  the  dependences  ot  the  le lousing  tiae  of  relay 
of  type  1 on  the  load  ot  armature  (C„  ~ 6,4 • 10*  ohm)  . 


m 


T 
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Tentative  values  of  the  loads  of  retention  for 

elementary  contact  groups  and  the  return  spring  of  the 
armature  of  relay  of  type  RKM-1  are  given  in  Table  11-3. 

The  values  of  quantities  C m,  necessary  for  timing  of 
the  release/tempering  of  time-lags  relay  of  type  RKM-1,  are 

given  in  Table  11-2. 

The  load  of  the  armature  of  relay  of  type  RKM-1 
depending  on  tolerances  for  the  thickness  of  contact  of 
springs  and  accuracy  of  adjustment  can  oscillate  within 

limits  of  i20-40o/o- 


Fig.  11-10.  Carved  of  releasing  t ia«  of  relay  of  typo 
RKM - 1 oha)  ; solid  linos  are  circuit  closing 

contacts;  broken  - breaking  contact.  l - r elease/te aper inq 
with  the  shortinq  of  windinq;  II  - release/teapering  with 
the  disconnection  of  windinq. 

Key:  (1).  as.  (2).  q. 

Paqe  44  5. 


Figures  11 

-11 

shows  the  curves 

o t 

the 

dependen  ces 

the  releasing 

t i ae 

of  nornal  (h  = 

0) 

and 

t he 

deferred-act  ion 

(h 

= 1 and  h = 2 

m in) 

relays  of  type 

RWl-  1 on  the  aagnetizinq  aapere-turns  at  load  by  three 
contact  groups  on  switching  and  the  height/altitude  of  the 
plug  of  loosening  0.1  rain. 
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Belays  of  the  type  RES  14. 


Figures  11-12,  11-13  give  the  tentative  curves  of 

releasing  tine  normal  and  deferred— act  ion  (A*,  **  3 mm\  < ■=  3,56 • 10  * 
ohm)  by  relay  of  the  type  RES14. 


g)  Relays  of  the  type  RKMP. 


Figures  11-14,  11-1S  show  tentative  curves  to  releasing 

time  normal  and  def orred-action  (h„  - A •**;  «=  4,95  • 10  * ohm) 

relay  of  the  type  RKMP. 


f)  **1  ays  of  the  type  RflU. 


The  curves  of  the  dependences  of  the  releasing  time  ot 
relay  of  the  type  RBH  on  the  load  of  armature  with 
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• 600  AVand  60  = 0 are  given  in  Pig.  11- If.  (C,  - il,4-l6‘* 

ohm).  Figures  11-17  .gives  the  Curves  of  the  dependences  of 
releasing  tine  on  the  magnetizing  ampere-turns  with  shorting 
(I)  and  disconnection  (II)  of  the  winding  of  relay  of  the 
type  RMIJ#  loaded  four  by  stud  switches. 


0)  The*  relays  of  types  Ps_,i2  and  HS-11. 


Figures  11-18  gives  the  curves  or  the  dependences  of 
releasing  tine  on  the  load  of  armature  for  the  relay  of 
types  RS-S2  (6,  * 0 and  CM  -*  9,06 • 10“*  »hn)  and  RS-13  (60  = 

0.1  mm  and  £a«  i*0,2>10*  ohn) . 


IHgSiiSBSSSB 


gegs§gsSfill"3l 

BSasMl 


DOC  * 780 12422 

PACE 

page  449. 

■■■■■■II 


IK»S»3i 


!5SsS§§?!S 

iHtJ 


300  UK  SOO  700  WOO  C (J 


Sms 
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Fig.  11-18.  Curved  of  releasing  ti»p  of  relay  of  types 

PS-S2  and  RS-13:  a - relay  ot  type  HS-52  (fB  = 9,n6 -in*  oh*); 

b - relay  of  type  KS-13  (CB  — 10.2 -I0-*  ohm).  I 

release/tempering  with  the  shorting  of  winding;  II  - release 
with  the  disconnection  of  winding. 

Key:  (1).  ms.  (2).  g. 

Fig.  11-19.  Curved  of  dependences  cf  releasing  time  on 

■agnetizing  a* per e-turns.  1 - relay  of  the  type  RDCG  (60  = 

0.1  mm;  F = 60  g)  ; 2 - r°lay  of  the  type  RDCO  ( S0  = 

0.3  mm;  F = 30  g) ; 3 - relay  of  the  type  RFS9;  4 

relay  of  the  type  RES10;  5 - relay  of  the  type  RES6;  6 

- relay  of  the  type  RS-52  with  two  stud  switches. 

Key:  (1).  ms.  (2).  AV. 
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yfo)  "The  relays  of  types  RES6,  1?ES9,  RES10  and(?DCG. 

Tentative  the  curves  of  the  dependences  of  releasin'] 
time  on  the  magnetizing  ampere-turns  for  the  relay  of  ♦ypcs 
RES6,  RES9,  RES10,  RDCG  and  RS-52  are  given  in  Fig.  11-10. 

The  loads  of  release/temper inq  for  the  fundamental 
contact  groups  of  the  relay  of  the  type  RES  14  and  of  the 
types  RKMP,  RfitJ,  RS-52  and  RS-17  are  given  in  Table  5-14 
and  5-15. 

11-10.  Empirical  formulas  for  timing  release  of  relay. 

From  Fig.  11-5,  11-7,  11-8  and  11-10  it  follows  that 


( 
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the  curves  of  the  dependences  of  the  releasing  time  of 
relay  on  the  load  of  armature  p on  logarithmic  scale  are 
on  working  sections  (approximately  from  40-70  to  200-  100  g) 
virtually  straight  lines.  Consequently,  the  dependence  ot  the 
releasing  time  of  reldy  on  the  lead  of  armature  on  the 
straight  portion  of  each  curve  can  lit-  approximated  by  the 
formula  of  the  following  form: 

'»,  - W ’• 


where 

is  a releasing 

tiae  which 

would 

have  relay 

with 

this 

height/altitude  of 

plug  and  t he 

load 

of  armature 

in 

kgf. 

if 

curve  remained 

rectilinear  to 

1 oa  d 

in  1 kgf. 

P 

load 

of 

armature  in  kgf 

and  a - a 

slope 

tangent  of 

thi 

straight 

line  to  the  axis  of  absciss 

as. 

The  value  of  the  exponent  a of  normal  relays  varies 

usually  within  limits  from  0.62  to  0.78,  and  of  time-lag 

relay  - approximately  from  0.5ri  to  0.73. 

The  value  of  quantity  f*n  for  a normal  relay  of  the 


tyjie  RKN  at 

the 

height/altitude 

of 

plug 

0. 

1 mm 

(6 

o = 0.  1 

mm)  is  equal 

to 

17  ms  and  a 

0. 

73 

or 

20.  S 

ms 

with  a 

= 0.667,  for 

the 

deferred-act  ion 

(by 

means 

of 

t he 

shorting 

of  winding) 

rela  y 

/i>f,  = 121)  as  and 

(I 

M 

O 

• 

or  t«n  = 

140  ms 

with  a * 0.667. 


DOC  * 78012423 


PAGE  / / U I 


DOC  = 78012422 


PAGE  >3- 


Consequently,  the  releasing  time  of  a normal  relay  of 

the  type  RKN  at  the  height/altitude  of  the  plug  of 

loosening  60  = 0.1  nun  can  be  expressed  by  the  following 

formula: 


t;  = 11 F-*”**  20, bF-*"  = -s [ ms  ], 


ind  the  releasing  time  of  relay  cf  the  type  RKN  with  60 


= 0.1 


and  shorting  of  its  winding 


(C.  = 3,2-10*  ohm) 


will  be  equal  to: 


t,R  = 1207’0'7*  [ms]. 


In  Fig.  1.-20  are  constructed  dependence  curves  of 
values  /jf,  for  a normal  relay  of  the  type  RKN  at  break 
and  shorting  of  its  winding  from  the  height/altitude  of  the 
plug  of  loosening. 


Page  451. 


These  curves  within  the  altitude  limits  of  the  plug  of 
loosening  from  0.1  to  0.3  mm  are  rectilinear  and  can  be 
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expressed  by  the  following  formulas: 

4 

for  a normal  relay  of  type  RKN  during  disconnection  (line  creak) 
of  the  winding  circuit 


and  with  the  shorting  of  its  winding  with  Cm  = 3,2  • 10 


ohs 


= 4l6r»-**^ 

,H  • ,*  6J 


Thus,  the  releasing  tise  of  a norsal  relay  of  the 
type  RKN  can  be  determined  by  the  following  approximation 
formulas: 


during  interrupting  of  the  circuit  ol  the  winding  of 
the  relay 


t‘  a *«*!  4.8  . 


(11-39*) 


with  the 

winding  space 


shorting  of  the  winding, 
of  coil  (Cj  = 3,2-10  • ohm). 


which  fills  whole 


35 


(1 1-394  ) 


DOC  * 780  12422 


PAGE  -Mr-  f 00\ 


Fig.  11-20.  Dependence  curves  of  value  t0r , tor  relay  of 
type  KKN  from  height/alt  itudr  of  type  of  loosening.  I 
with  the  shorting  of  winding;  II  - with  the  disconnection 
of  winding. 


Key:  (1).  ms. 
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In  these  formulas  t - time  in  ms,  F - the  load  of 
armature  in  kgf  and  60 

mm. 


the  height/altitude  of 


plug  in 
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The  Investigations  of  authoi'  will  show  that  the 
releasing  ti»e  of  valve  type  relay  with  the  pole  pieces 
within  the  limits  of  the  weight  of  steel  of  the  magnetic 
circuit  of  these  relays  from  0.00*)  to  0.1  kg  (weight  ot 
relay  with  it  is  measured  from  0.012  to  0.25  kg)  it  can 
te  expressed  following  approximation  formulas: 


during  interrupting  of  the  circuit  of  the  winding  of 
the  relay: 


*Vc 

I, ‘k  ,,  ; 

f /***  * 


(11-40., 


with  the  shorting  of  the  winding 
(20t» | Q‘ 


(11-40*; 


,*  fTi ' 

where  (>„  is  weight  of  steel  of  the  magnetic  circuit  of 
relay  in  kg. 


These  formulas  are  valid  witl  ir  the 
in  the  load  of  armature  from  0.07  to  0. 
height/altitude  of  the  plug  ot  loosening 

mm. 


limits  of  cha  nges 
4 kgf  and  the 
from  0. 1 to  0.  ) 


For  the 

rel  ay 

of 

large  overall 

.ire;  by 

weigh  t 

approx i mat  el y 

from 

0.25 

to  2«5  kg  t h 

e re  leas 

ing  time  can 

be  determined 

by 

t he 

for  mu  1 as : 
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during  interrupting  of  the  circuit  of  the  winding  or 
the  relay 


(1l-4i'c.) 


with  the  shorting  of  the  winding#  which  fills  whole 
winding  space  of  the  coil 


((a  ~- 


800V'<?*C 


(11-40CU 


V*V*' 

For  relay  by  weight  from  0.08  to  O.S  kg,  which  do 
not  have  the  pole  pieces,  releasing  time  during  interrupting 
of  the  circuit  of  the  winding 


* v ™. 


(tt-40«.) 


and  with  the  shorting  of  the  winding,  which  fills  whole 
winding  space  of  coil. 


?w%- 


(ii-40-f; 


1 
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11-11.  Releasing  time  of  relay  during  pulsed  mode. 

During  pulsed  node,  the  coil  current  of  relay  usually 
does  not  Manage  grow  to  conservative  value,  in  consequence 
of  which  the  releasing  time  of  pulse  of  relay  it  depends 
on  the  duration  of  the  moment u */i m pul se/pulse  of  exciting 
current . 


Page  4S  1. 


Therefore  curves  for  timing  of  the  role ase/temper ing  of 
relay  (Pig.  11-21),  taken  during  "static"  conditions/mode 
work,  cannot  be  used  tor  the  calculation  of  series  and 
pulse  relays. 


If  the  value  of  inductance  is  is  considered  constant, 
not  depending  on  current,  then  for  the  magnetizing 
anpere-turns  it  is  possible  to  write  the  following 


expression : 


.4M~.4U'y,(l  — e'  «), 


(11-41) 


where  j4W,c  is  conservative  value  of  the  magnetizing  ampere 
turns,  tj  - the  duration  of  the  magnetizing 

momentum/impulse/pulse  (durat ion  of  connection/inclusion)  and  r 
- the  time  constant  of  relay  circuit. 
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In  the  case  of  the  series  connection  of  effective 

resistance  rd  tine  constant 

L 

x-~WTT4' 

If  relay  has  quadrature  winding,  then  tine  constant 

x~-wh;+K- 

From  fornula  (11-41)  it  follows  that  if  tt  it  is  less 


than  3 

t,  then  the 

magnetizing  ampere-t 

urns 

will  d if fer 

from  th 

ose  who  were 

being  steady  more 

than 

in  5o/o. 

K nowing 

the  duration 

of  the  magnetizing 

pul  se 

and  the 

constant 

value  of  the 

time  of  relay  ci 

rcuit. 

it  is 

possible 

with  the  aid 

of  (11-41)  to  ca 

lcul  at 

e the 

appropriate  magnetizing 

ampere  turns,  als 

o,  according  to 

curve. 

given  in  Fig. 

11-21,  to  dete 

r mine 

the  releasing 

time  of 

our  relay. 

However,  virtually  the  inductance  of  relay  depends  on 
the  current  strength:  furthermore,  because  of  eddy-current 
effect  the  value  of  magnetic  flux  (at  just  one  value  of 
the  magnetizing  ampere-turns)  in  the  case  of  pulsed  aode 
will  be  less  than  at  the  "static"  operating  mode.  Therefore 
for  determining  the  releasing  time  of  relays  of  type  100, 
operating  in  pulsed  operation.  Fig.  11-22  gives  the  curves 
of  the  dependences  of  the  releasing  time  of  relay  on  the 
value  of  the  supplementary  resistor/resistance  r,,  connected 
serially,  at  the  different  duration  of  igniting  pulses. 
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Those  curves  were 


an  d 

with 

t he 

short  in 

of 

re  lay 

is 

2 and 

relay  J10 

ohm 

; turn 

t he 

plug 

of 

armature 

taken  both  during  the  interruptinq 
of  the  winding  of  relay.  The  load 
contact  sprinj:;;  winding  i mpp  da  nee 
number  10000;  the  ho  iqht/alt it u de  ot 
0.2  mm;  A Wjt  — 600  aipere-t  urn  s. 


ot 


Prom  curves,  given  in 
minimum  value  rd,  at  which 
conservative  value,  depends 
aaqnetizinq  pulse. 


Fig.  11-22,  it  follows  that  the 
the  rim.'  ot  release  reaches 
on  the  duration  of  the 


Faqe  454. 


For  the  duration  of  this  pulse  in  20  ms,  thp 
releasing  t iae  of  relay  reaches  conservative  value  with  r , **  1400 


oh  m. 

For 

the  pulse 

duration  in  10 

ms,  value 

rd  decreases 

to 

800 

ohm,  while 

for  duration  in 

50  ms. 

the 

rel easi ng 

ti  me 

of 

relay  does 

not  in  practice 

depend 

on 

value  r4.  The 

character 

of  these 

dependences  is  re 

tamed 

with 

t he 

different 

loads  of 

relay. 
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If  we  accept  the  inductance  of  relay  with  600 

ar"^f  j2oo+\UrnS  °f  the  ec3ual  to  1 3 H,  then  time  constant  with 

A oh*  will  be  equal  to: 


«+rd  ~ 330  + 

Key:  (1).  s.  (2).rr>S. 


^ = 0,0085  & = 8,5  m&c. 


Consequently,  so  that  the  releasing  time  differs  from 
conservative  value  less  than  for  5o/o,  the  pulse  duration 
must  be  more  3*8.5  = 25.5  ms.  Thus,  with  the 

mo me n tum/i m pulse/p  ulses  of  average  duration  calculation  data 
approach  results  of  the  experimental  check  of  releasing 
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Fig.  11-25.  Curved  of  releasing  time  of  noraal  relay  o! 
typo  100  with  shorting  of  winding  and  different  Juration 
magnetizing  pulses. 

Key:  (1).  ms.  (2).  g. 


Pig.  11-28.  Curved  of  time  or  release  of  time-lag  rela\ 
type  100  with  1 isconnection  of  winding  and  different 
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tint'  of  normal  and  time-lag  relay  of  type  103,  of  the 

workers  in  pulsed  operation.  Fig.  11-27  gives  the  curves  of 

the  dependences  of  the  releasing  time  of  these  relays  on 

the  duration  of  the  magnetizing  pulses  at  constant  values 
■4  H K 60(l\ 

A ampere-turns  and  rrf  = 600  ohm. 

All  relay  have  identical  turn  number:  lopoo;  winding 

impedance  of  normal  relay  it  is  equal  to  3i0  ohm, 

time-lags  relay  with  the  tubJs  ohm  and  de  f er  r ? d-act  ior 

for  release/tempering  (with  pluj)  712  ohm. 

Each  relay  loaded  by  one  contact  group  No  14 

(switching  with  interrupting  before  closing/shorting)  and  was 

regulated  normally.  Course  of  armature  0.7  mm,  ping  0.11  mm 

pressure  in  the  contacts  2^  g. 

From  the  curves  of  Fig.  11-27,  it  follows  that  the 

releasing  time  of  normal  relays  v i *h  the  shorting  of 

winding  considerably  Less  depends  on  the  duration  of  the 
magnetizing  pulses,  than  time-lags  relay. 

For  a noraal  relay  the  releasing  time  does  not 
virtually  change  for  the  duration  of  the  magnetizing  pulse 

of  more  than  23  ms.  During  a decrease  in  the  pulse 


I 


f. 
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duration,  the  releasing  time  or  relay  sharply  decraasos. 


The  releasing  time  of  time-lags  relay  begins  noticeably 


to  decrease 

with  the 

duration  of 

the  magnetizing 

pulse  of 

less 

80-1  00 

ms.  This 

is  e xpla i ned 

to  the  fact 

that  the 

rate 

of  the 

growth/build-up  of  the 

magnetic  flux 

of  normal 

rela  y 

is  considerably 

more  than  re 

t ar ded. 

I- 


If  the  duration  of  the  magnetizing  pulso  is  equal  to 
10  ms,  then  with  ^ M ^ MO  ampere-turns  and  rj  MO  ohm  the 
releasing  time  of  the  relay,  retarded  for  release/t  eaperir.g 
(with  plug),  will  be  equal  to  ‘)2  ms,  the  def prrad -act  ion 
with  red  copper  tube  - 164  s and  normal  relay  with  the 
shorting  of  winding  - 280  ms. 


Thus,  as  saries  relay  to  f tvor.ibly  apply  instead  of 
the  deferred-action  normal  relay  whose  winding  is  shoun 
circuit  after  function. 

11-12.  Effect  of  capacit.ance/capacit  y on  th«-  releasing  time 


i 


of  relay, 
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For  An  increase  in  the  releasing  tint?  in  parallel  to 
the  winding  of  relay  sourtimes  is  included  the 
capacitance/capaclty  (Fig.  11-28). 

In  this  case  for  the  limitation  of  rate  of  charge, 
passing  through  contacts  during  closing  a circuit,  and  also 
for  an  increase  in  the  attenuation  of  the  oscillatory 
circuit  consecutively  with  condenser/capacitor  usually  is 
included  the  resistor/resistance  rt. 


For  relay  of  the  type  fkn  with  the  actuation  voltage 
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and  equal  to  zero,  for  obtaining  the  aperiodic  process 

it  is  necessary  that  value  nx  = CKwl  will  be  sore  800»10?  (at 
the  dual  reserve  n,  must  be  »ore  200«10?). 

The  dependence  of  releasing  time  on  the  load  of 
armature  increases  with  a decrease  in  coefficient  of  n,  and 
it  reaches  maximum  in  the  absence  of  condenser/capa citor. 


High  speed  telephone  and  telegraph  relays  have  a time 


const  ant 

less 

than  0.01 

s;  in 

this  case 

during  aperiodic 

process. 

when 

(ft  brc)>10  | 

if'  *• 

is  possible 

to  disregard  the 

induct  ance 

of 

winding 

no-.-?  i 

, and  for 

a coil  current 

of  relay 

with 

the  disconnection 

of  supply 

network  to  write 

the  following  equation: 

i = -£-e  ">c"  . (11-43) 

"1 

where  Rt  = ft  -f  re  is  the  total  resistance  of  the  discharge 
circuit  of  condenser/capacitor. 


Hence  tiae  for  motion  to  start  with  the 

releasc/taapering  of  relay  will  be  equal  to: 

t„=CKRx  In  •'  ' (11-441 

With  an  increase  in  the  resistor/resistance  of  relay 
circuit,  the  time  constant  increases,  and  the  constant  of 
action  decreases. 


w 
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Fiq.  11-28.  Circuit  diagram  of 

resistor/resistance  in  PalaIllt 


capacitance/capacity  an.f 

o winding  of  relay. 


page  46  1. 


For  determining  the  condition  by  -hich  the  releasing 
time  of  relay  in  this  conditions/mole  nil  he  maximum.  1- 
us  differentiate  of  1»  ter.«  ot  »,  and  will 

with  zero:  »»*  will  ohtain: 

^OT 


2j — C.  + C. '“OT"1, 


Key:  (1)*  or* 


whence  me  find 

of  circuit  the 


the  optimum 

discha  rging 

Wait  ~ ft  “ 
r,oi 


value 

of  the 
0,368  j— . 

*OT 


of  the  resistor/resistaiH'e 

condenser /caPacit ot; 

(11-45) 


The  ma*imu«  malue  of  the  t‘»' 
with  celease/tempering  in  the 


for  motion  to  start  ° f 

assigned  conditions/mode. 


relay 
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obviously,  will  be  equal  to: 

t„. „c  = HWrC\  = = 0,368  C„R  (11  -46) 

Figures  11-29  gives  the  curves  of  the  dependences  of 


the 

releasing 

time  of  relay 

o f 

the  type 

RK8  on 

t he  va 1 ue 

of 

the  total 

resistance  of 

the 

d ischarge 

circuit 

o f 

condenser/ capacitor  at  different  voltages. 

Capacitance  of  capacitor  is  equal  to  100  pF.  The 
winding  of  relay  has  12,300  turns,  rosistor/resistanc  e 6 10 
ohm.  Value  of  the  spill  current  8 raft,  of  the  current  of 
release/tempering  2 mA. 

From  these  curves  it  follows  that.  with  small  voltages 
the  releasing  time  of  relay  with  an  increase  in  the 
resistor/resistance  does  not  increase.  with  high  voltages  the 
releasing  time  of  relay  has  clearly  expressed  maximum. 

The  releasing  time  of  r«lay  with  a change  in  the 
stress  from  5 to  100  V when  r«’  th-3  egual  to  zero, 

increases  in  all  1.9  tiles,  and  with  the  optimum  value  of 
resistor/resistance  - 14  times. 

The  value  of  optimum  resictor/resistance  increases  with 
an  increase  in  the  voltage  of  battery. 


e>  i r:  p /lur  , a -x  i . 
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* Chan^  o£  t‘*  ,dlu«  of  opt  it  urn  reslstor/r.si st.nce 
•i.M„  lt.it.  of  .,0-«0o/o  h,r.l,  affects  the  reieisin,,  ri„„ 
of  tela,;  therefore  for  opti.ua  resistor/res  1st snce  it  is 
possible  to  writ,  the  following  equation: 

* + rc- (0,27 -t- 0,50)  (11.45a) 

Capacitance  of  capacitor  (in  farads),  according  to 
equation  (10-55),  can  be  expressed  by  the  formula: 

Load  voltage  of  circuit  is  equal  to; 

1 = IR  “ I'KtCv*  = .IHVA'.Cir, 

-here  K,  is  an  actual  safety  factor  on  current  (3r 
voltage)  and  c = R/w2. 


D<X  * 760  12423 
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t 


relay  of  type  RKH  on  value  ot  resistor /resistance  H + rc. 


Key:  (1).  s.  (2).  V.  (1).  ohm. 


Page  462. 

If  consecutively  with  the  winding  of  relay  is  included 
resistor/resistance  rp,  then  <•  _ R f rr  The  value  of  the 

current  of  release/teapering  can  he  expressed  as  follows 

/ _ '“’’or 

* OT  — . 

IT 

Substituting  in  equation  (11-46)  instead  of  n and  t„  t 
values,  we  obtain  for  the  greatest  time  for  motion  to 
start  with  release/teapering  (in  s)  : 

V «w  = 0,368fKAVV»  = 0,368(VVS  f' . ( 11-47) 


Consequently,  the  optimum  releasing  time  of  relay  is 
proportional  to  capacitance  of  capacitor.  to  the  square  of 

the  turn  number  of  the  winding  of  relay.  to  the 
resistor/resistance  of  one  turn  and  it  is  inversely 
proportional  to  the  relay  reset  coefficient.  With  a constant 

value  of  the  applied  voltage,  the  releasing  time  is 
proportional  to  capacitance  of  capacitor  and  to  the  turn 

number  of  the  winding  of  relay. 


Formula  (11-47)  does  not  consider  eddy-current  effect 
and  time  of  the  motion  of  armature;  iurthcrmore,  it  gives 
the  sufficiently  accurate  results  in  the  case  when(7?  + rc)ss  ip.  1 A 

* CH 

Therefore  for  determining  the  releasing  time  of 

standard  relays,  are  most  convenient  used  curves,  obtained 

experimentally- 


Figures  11-30  gives  the  curves  of  the  dependences  of 
the  greatest  releasing  time  of  relay  of  the  type  RKN  on 

the  value  of  relation  cj^l  at  th«  different  values  of  factor 

*» 

K,C. 

Analyzing  the  given  above  curves,  it  is  easy  to  note 


I 
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that  t hi*  right  sides  of  these  nuvi's  arc  the  virtually 
direct/straight  parallel  lines,  distant  from  each  other  a* 
the  distances,  proportional  to  the  value  of  factor  KtC. 
Furthermore,  curved  with  identical  values  k,C  of  lifferent 
types  relays  differ  little  fro  in  each  other. 


For  obtaining  the  general  i?od  grapuic  calculated 
materials,  were  constructed  the  series  of  the  curves  of  the 

K i 

dependence  of  maximum  releasing  time  on  value  A,  f or 

the  relay  of  types  RPN,  KKN,  RKM-1,  HS-13  an  1 NKU-48. 

Moreover  it  turned  out  that  the  right  sides  of  these 
series  of  curves  of  each  type  of  relay  arc  virtually 
poured  into  one  line,  and  left  diverge  to  different  values. 


Page  4h  1. 


This  disagreement  between  at  times  of  the  release/tempering 
of  relay  at  the  different  valuer,  of  factor  K|C  increases 

/ ■ if  * i 

with  a decrease  in  value  " A,  ■ Th»retore  tor  each  *■  y pe  ot 

relay,  were  calculated  average  curves  of  dependence  of 
releasing  tine  from  value  ■'  nd  wart  determined  the 

percentages  of  the  deviation  of  l • l>asmg  time  at  the 
different  points  of  separate  curvet  from  the  appropriate 
points  of  average  curve. 
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Pigures  11-31  gives  average  the  curves  of  the 

K 

dependences  of  the  greatest  releasing  tine  on  value  f’ >M  1 1 
tor  the  relay  of  types  HP  N , KKN,  RKfl-1,  RS-13,  MMJ-48.  Pc 

a comparison  by  dotted  line  is  shown  theoretical  curve  (6) 
constructed  according  to  formula  (11-47). 


From  figure  it  follows  that  t h^  average  value  of  the 
greatest  releasing  time  tor  the  different  types  of  relay 
the  large  values  of  quantity  ("^k*  coincides,  but  with 
small  it  differs  not  more  than  by  +_10o/o. 
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Fig.  11-30.  Curved  of  greatest  releasing  tiae  of 
type  RKN. 


Ke  y : ( 1 ) . s. 
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Therefore 

the  curves  of 

Fig, 

1 1- 

31  it  is  possible 

for  the 

tentative 

timing 

of 

t he 

r elease/t eapering 

analogous 

types  of 

valve 

t yp«  re 

lay. 

Analogous  tiaing  of  release/tempering  according 


I 
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formula  (11-47)  gives  usually  smaller  values*  especially  at 

the  low  values  of  quantity  therefore  to  use  this 

*■ 

formula  is  possible  only,  if  > 5. 

Figures  11-32  gives  average  the  curves  of  the  probablt 
deviation  of  the  releasing  time  ot  relay  of  any  type  in 
percentages  from  the  average  value  of  this  time  in 
dependence  from  value  These  curves  are  constructed 

separately  for  increase  (♦)  and  a decrease  (-)  releasing 
time  they  are  average  for  all  types  enumerated  ahnve  of 
relays. 
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KXC  of  some  types  of  relay.  From  those  curves  follows  that 

with  values  the  possible  mean  deviation  of  the 

■ 

releasing  tiie  of  relay  from  average  value  will  not  exceed 
_*8o/o,  but  maxiaum  deviation  of  14o/o. 

It  is  necessary  to  consider  that  the  curves  of  Fig. 
11-30  and  11-31  are  constructed  for  a maximum  releasing 
time  for  obtaining  which  in  the  circuit  of 
condenser/capacitor  it  is  necessary  to  i nclude/conneot  the 
optimum  r esistor/res ist a nee , determined  with  the  aid  of 
formula  (11-45a). 

If  relay  has  low  resistor/resistance,  then  for  the 
limitation  of  circuital  current  consecutively  with  winding 
can  be  included  resistor/resistance  V The  value  of  this 
resistor/resistance  rp  one  should  select  in  such  a way  as 
to  ensure  a sufficient  reserve  on  the  current.  (voltage)  of 
function  (not  less  than  1. 7-2.0). 

Consecutively  with  condenser/capacitor  in  this  rase, 
obviously,  one  should  include/comect  tne  resistor/resistance 

rc  = (0,27  + 0,50)  "-(fl  + rp). 

JC 


(11-49) 
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Fig.  11-32.  Average  curves  of  protable  deviation  of 
releasing  tiae  of  relay  (in  percentages)  from  average  value 

Fage  46f>. 


11-13. 


Effect  of  varistor  on  the  releasing  tiae  of  relay. 


Upon  the  connect  ion/ inc lusi on  of  varistor  in  parallel 
the  winding  of  relay  for  spark  extinguishing  the  releasing 
time  of  relay  increases. 

For  the  case  of  the  disconnection  (break)  of  the 
circuit  of  the  winding  of  relay,  shunted  by  varistor,  if 
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disregard  eddy-current  effect,  it  is  possible  to  writ, 
takin.)  into  account  (19-2?).  the  following  equation: 

iU  + /.  + utif  «-•  u,  (it  .;.u 

where  u„  - it  is  constant  of  varistor  and  » - the 

coefficient,  equal  the  control  ratio  ot  varistor  (an 
logarithmic  scale)  to  the  axis  of  abscissas. 

Let  us  divide  all  terms  of  equation  (11-50)  on  Li- 

and,  designating  /,  i1  after  simple  conversions  we  have: 

,/’>  «=-'  ,p,//.  (II  ah 

H 1 1 «-  u,  /. 

Integrating  last/latter  equation,  we  obtain  iftsr 
replacement  by  i*  p the  following  expression: 

('  A>' 

Ifi 1 * + m0  - cir  *' 

Integration  constant  we  find  from  initial  coniitiops; 
with  t = 0 

If 

«/*  l*  + w,. 

Key:  (1).  and. 


Then 


/fi‘ 

or 

* -4  M, 

-(«/‘  * . 

««>'• 

‘"I 

(/•  * 1 

v * " 
« r 

» i 

From  (11-52)  we 

find 

tiee 

for 

re lease/te  mper ing 

ot 

relay. 

with 

i.  (l  ' 


*]‘  r 

(II  52' 

mot  ion 

t o 

start 

wit 

h t h 

w li  ic  h 

t he 

coi  1 

cur 

rent 
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decreases  to  tha  value  of  the  current  of  the 
re  lease/te sparing: 

At  the  uoaent  of  interrupting  contacts,  the  voltage  on 
varistor  Ut  is  equal  to  M*-  Designating  the  ratio  of 
conservative  value  of  current  to  the  current  of 

releasc/tempecing  through  h = I/I„,  we  obtain: 

,n  Ti'^+vT  • (MM' 

where  U - supply  voltage  (battery). 


This  formula  Joes  not  consider  eddy -current  effect, 
saturation  of  steel  of  magnetic  circuit  and  time  of  the 
motion  of  arnature. 

The  value  of  coefficient  r*  is  usually  equal  to  0.3, 
load  voltage  of  contacts  Ut  ♦ D must  not  exceed  V„v\ 

oJJf ln  tVftTil^)  • 


'c  M 


therefore 


(11-5W 
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11-14.  Examples. 

1.  Let  us  determine  time  constant  of  decrease  of 
magnetic  flux  of  relay  of  type  RKN  (without  pole  piece) 
during  interrupting  of  circuit  of  winding. 

Relay  has  a core  as  a radius  0.45  cm  and  as  length 
7 cm.  Section  of  housing  2.0b  x 0.4  cm*,  length  8.5  cm. 

Height/altitude  of  the  plug  of  loosening  0.02  cm,  p,  = 

10.5  X 10~«  Q*m. 

It  is  obvious,  the  time  constant  of  the  decrease  of 


the 

flow  of 

relay  is 

com  posed 

of  the 

time 

constants  of 

the 

decrease 

of  flow 

in  core. 

housi  ng 

and 

anature. 

If  we  disregard  the  effect  of  constant  time  of 
armature  due  to  its  low  value,  then 

t»a=Tht  + T.J- 

Let  .'s  substitute  into  last/latter  expression  for  *,i 
and  their  value  for  the  optimum  rol  ationship/rat  ios  of 

reluctances  froa  equations  (11-14)  and  and  (11- 19c),  assuming 

that  6»,  * of  6S*  * *o/2: 

__  **»<cf*  | 8»tn,lftt  _ 4.t  10*1  . 7 . 10-t . o,45>  1Q-* 

* 2ft.,5,7tto1  ^ 2n»PiA.i(«*  4 **)  2 0,01  • lO'*  5,78“ IOJTTo- i + 

Jn  JO' *_■  8,5  ■ 10  • • 2,00*  0,4*  ■ 10  4 ( i) 

+ 2n*  ■ 10,5  ■ 1(F*  • 111  4 (2,06*  + 0,4*)  to  4 ~ °-02i6  reK- 

Key:  (1)  . s. 
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2.  Relay  of  type  RPN  is  loaded  by  two  contact  groups 
u.  Adjustment  of  relay  normal,  t.he  course  of  armature  1.1 
mm  the  thickness  of  nonmagnetic  artistick  strip  0.2  mm. 

Coil  has  two  windings: 

it’!  = 8000,  /?,  = 6<)0  & S'  it’,  = 3000,  2f,  = 1 40  <&’. 

Key:  (1).  ohm.  (2).  and. 

The  first  winding  is  included  on  battery  with  voltage  60  V. 


Let  us  determine  the  releasing  time  of  relay  with  the 
disconnection  (disruption)  of  the  circuit  of  the  first 
winding,  if  the  second  winding  is  extended  or 
shortcircu ited. 

With  the  aid  of  table  11-1  we  find  the  load  of  th» 
retention  of  the  relay: 

f = 2 65  = 130  jrt 

Key:  (1).  g. 

If  we  consider  the  probable  deviation  of  the  thickness 


of  anticorrosive 

coating  and 

load  of 

armature  by  t he 

factor. 

equal 

to 

1.5,  then 

we  will 

obtain  maximally 

possible 

load 

of 

the  retention: 

Fm  = 1,5  130  = 195  g- 
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The  magnetixing  ampere-turns  oi  r«  lay  are  equal  to: 

AM'  - = *»  W. 

Key:  (1).  ampere-turns. 

The  releasing  time  of  relay  with  the  disconnection  of 
the  first  winding  and  the  extended  second  winding,  according 
to  cUr*e,  given  in  Fig.  1 1-5,  will  he  respectively  equally 
to:  t„  = 18. 5 as  and  tp,  - 13.5  ms. 

With  the  shortened  winding,  which  fills  whole  winding 


space  of  coil 

(CH  = 4,5  10  • ohm)  , 

t h t~ 

releasing 

t ime  of 

our 

relay,  according  to  the  curves 

of 

K* 

• 

» 

v. P 

n 

will  be 

eq  U a 1 

to  I,*  = H'"' 

to  ms  and  iw 

-115 

ms.  The 

ra loasi ng 

time 

of  relay  with 

d isconnection  to 

t h **» 

first  and 

short  ened 

second  winding 

we  compute  by 

lor  aula  (1 1-35)  ; 

we  have; 

and 

- 0.280  (lift  - 13, ft)  + 13,5  = 42,5  mM. 


I 


1 TIC 


rage  H6  8. 


If  with  the  shortened  second  winding  the  first  windi 
is  switched  off  by  shorting,  then  the  releasing  tine  of 
relay  in  this  case  with  respect  increases  according  to 

form  la  ( 1 1-37b)  : 

i„  - 4,5  10  • • (IBS  — 18,5)  + 18,5  - 131.  Jan. 


'or,  “ (US  - 13.5)  + 13.5  - 91.6  i£«. 


Key:  (1).  as. 


3-  Let  us  determine  releasing  time  of  time-lag  rela 


of  type  FKN  whose  winding  is  shunted  h 


100  ohm. 


The  full  load  of  relay  30  0 o.  ileight/altitude  of  plug 
0.1  mm.  Turn  number  of  winding  6000,  resistor/resistance  sot) 
ohm.  Length  of  red  copper  plug  26. S mm. 


The  releasing  tine  of  relay,  arcotding  to  formula 
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From 

table 

1 1-2 

cu  r»ea 

of 

Pig. 

1 1-7 

find : 

‘om  - 

290  ms 

and 

we  find  »hat  =. 

with  F = 100  q 

t^  = 4 1 ms. 


4,59 • lu  • ohm.  On  the 

and  6 0 * 0.1  mm  we 


I 
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fo 


(11-37),  will  be  equal  to: 

'ox  - 3.2  ' 10  • [$S  + SoStVOo)  (200- + “3  = 263  . 

Key:  (1).  as. 

4.  Let  us  determine  tentative  value  of  releasing  time 
of  valve  type  relay  with  polo  piece  with  disconnection  an) 


shorting  of 

its 

windi ng- 

Wei<|ht 

will 

stop  the 

magnetic  circuits 

of  relay  8 0 

g 

(weight  of 

relay 

of  approximately  200  g)  , 

the  load  of 

armature  100  g. 

the  height/alti tudc  of  the 

plug  of 

loosening  0 

. 1 m*  . 

The  winding  of  relay  fills  the  part 

of 

the  winding 

space 

of  coil , 

th*  value  of 

equivalent 

resist  ance 

of  one 

turn  of 

winding  C = 0,5CB. 

The  magnetizing 

am  pe  re-tur  ns 

are 

egual  to 

600  ampere-turns. 

The  releasing 

time  of 

relay  with  the 

disconnection 

of 

winding,  according  to  foreula  (11—4  0a ) , will  he: 


30  0,08  2,4  ,„(•/) 

*i  Tr—  - =~  iim  = 32  MffK 

yC 0,1*  • 0,1*  0,0463 


Key:  (1).  ms. 


Releasing  time  which  has  relay  with  the  shorting  of 
the  winding,  filling  whole  winding  space  of  coil,  according 
to  formula  (11-40b),  is  equal  to: 

1200  ^5358*  • 

»■  0,0465  ’ 587 
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Releasing  time  of.  relay  with  the  shorting  of  the 
winding,  which  has  c=<’-5  according  to  formula  (11-35) 
<0T  = 0j (587  ~ 52>  + 52  = 319,5  lib. 

Key:  (1).  ms. 


5.  Let  us  determine  releasing  time  of  relay  of  type 
PKN  whose  winding  is  shunted  by  capacit ance/capacity  in  30 


The  winding  of  relay  has  80,000  turns  of  wire  as  a 
diameter  0.05  mm,  winding  impedance  32,000  ohm. 

Value  of  the  spill  current  1.8  mA,  of  the  current  of 
release/tempering  0.54  mA-  Voltage  of  battery  110  V. 

The  coefficients  of  reserve  and  return  of  relay  ar» 

respectively  equal  to: 

r 110- 10*  l\"\  nu 

1 3200o . 1,8  ~ * *»  = fj  = 0,3. 

Key:  (1).  and. 
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Value  of  quantity 

C\M  * 1 = 30  • 10  • 32 000  • *4  = 6,08. 

"b  U,o 

The  value  of  optiaua  resist.or/resistance 
within  the  Halts 


lust  be 


rc  = (°,27  -5-  0,50)^^^  — 32  000  = 23  000-1-70  000  (ui. 


Key:  (1).  oha. 


From  the  curves  of  Fig.  11-31,  we  find  the  average  value 
of  the  greatest  releasing  time  of  relay  t0T„  = 2,u  s<i 


According  to  curves  of  Fig.  11-32  this  time  can 
oscillate  on  the  average  within  limits  frcm  5. 5 to  +4.4o/o. 
The  great  probable  deviation  of  the  releasing  time  of  relay 
will  not  exceed  *7. 5o/o. 
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Chapter 


twelve. 


EFFECT  OF  CLIMATIC  AND  MECHANICAL.  EFFECTS  ON  THE  WORK  OF 
RELAYS. 

12-1.  Temperature  effect. 


The  fluctuations  of  ambien*-  temperature  change  the 


linear 

di mensions 

of 

t he 

core. 

housi ng. 

armature 

and  other 

parts 

of 

relay. 

and 

also 

the 

value  o i 

the  modulus  of 

elast icity 

of  th  e 

material 

of 

cor  tact 

and  return 

s pr  in  gs. 

As  a result,  in  the  points  of  connections  (welding  or 
junction)  of  separate  parts  and  assemblies  of  relay  appear 
mechanical  stresses,  are  formed  slants,  is  wedged  the 
rotational  axis  of  armature,  change  the  coefficients  of 
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friction  in  the  radial  bearings  of  armature  and  at  the 
points  of  contact  of  the  tangency  of  pushers,  which 

transmit  effort/forces  from  armature  +o  contact  springs,  otc. 

Therefore  the  working  and  ballast  air  gaps  of  magnetic 

relay  circuit  during  the  fluctuations  of  temperature  change 
their  value.  the  reactive  ef fort/f crces,  created  by  contact 
and  return  springs,  decrease  with  ap  increase  in  the 
temperature,  since  the  temperature  coefficient  of  the  modulus 
of  elasticity  of  spring  materials  is  negative. 

Thus,  tar  paper  of  function  and  release/temperi ng  of 
electromagnetic  relays  during  changes  in  the  ambient 

temperature  do  not  remain  constants.  During  large  cycle 
variations  of  temperature,  are  atteruate/weakened  thp  screw 
joints,  under  the  prolonged  effect  of  high  positiva 

temperatures,  ages  the  insulation  of  winding,  changes  the 
structures  of  the  material  of  sniings  and  decreases  the 

limit  of  its  elasticity,  but  this  is  led  to  the 
irreversible  changes  in  the  spill  currents  and 
release/temper ing. 

The  heaviest  testing  for  relay  is  a rapid  (far  time 
it  is  not  more  than  3 min)  change  in  the  temperature  of 


e spill  currents 


•ft; 

- 14,26 


4 

■ A, 


currents 
o = i.  1 


release/t  orap»  r i in;  at 
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0 = ♦85°:  Ai«-— «,« a mA,  a - 1.26  m A ; 6.  increment  in  the 

currents  of  release/teaperi ng  with  e = -60°C;  4fOT--«.*  mA, 

« = 1.53  m A. 

Page  472. 

The  greatest  changes  in  the  spill  currents  ani 

re  leaso/to  ntper  ing  during  the  fluctuations  of  ambient 
temperature  usually  are  observed  in  the  hignly  sensitive  and 
polar  relay. 


Figures  12-1  gives  differential  the  curves  3f  the 
current  distribution  of  function  and  rrleaso/temperin g of 
relay  of  the  type  RES6  with  two  stud  switches  under  normal 
conditions  (t20°C)  and  the  curves  of  mciements  in  the 
spill  currents  and  release/tempering  ot  these  relays  during 
short-term  (2h)  changes  in  the  ambient  temperature  from 
♦20°C  to  t85°C  and  ♦20°C  to  60°C  (winding  impedance  of 
relay  550  ohm,  N0  = 40).  From  these  curves  it  fallows 
that  average  current  of  the  function  of  relay  with  an 
increase  in  the  ambient  temperature  to  ♦85°C  decreases  on 
2.5  mA  (9. 5o/o)  , and  during  a temperature  decrease  to 
-6  0°C,  it  increases  on  3.2  mA  (12.2o/o).  The 


current 
- f>0°C 
extreme 


temperatures,  average  current  of  function  will  incraase  on 
0.  6 m A {2.  3o/o)  • 

Average  current  of  the  release/t entering  of  relay  with 
an  increase  in  the  temperature  to  ♦ 850c  decreases  on  0.62 
mA  ( 4 . 4o/o)  a during  a temperature  decrease  to  -f»D°C  it 
decreases  on  1.2  mA  (8.4o/o).  The  root- mean-square  deviation 
of  the  currents  of  the  release/tempering  respectively  are 
equal  to  1.26  and  1.53  mA. 

After  the  stay  of  relay  at  extreme  temperatures, 
average  current  of  release/temper ing  decreases  on  0. 8o  mA 
(6. 06o/o) . 


I 


DOC 


Fig.  12-2.  Dependence  curves  oi  relative  changes  in  average 
currents  of  function  and  release/t capering  of  the  different 
types  of  relay  fron  the  temperature:  a)  spill  currents;  h) 

the  currents  of  release/tem  per  i n g.  1 - type  RESh;  2 - typi 
RES^;  1 - type  RES  1 0 ; 4 - type  RID,  5 - type  RS-52;  h 
type  RS-13;  7 - type  RKNP. 
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Figures 

12-2  gives 

the 

t e nt  a t i ve 

curves 

of  relative 

changes  (in 

percentages) 

in 

a v crag e 

currents 

of  actuation 

and  release/tempering  of 

some 

t y pes 

ot  relay 

during  the 
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short-term  (2-hour)  fluctuations  of  thp  tr®perature  of 

surrounding  air  from  -60  to  + (60-100) °e,  construct?! 

T.K. 

according  to  tha  data  of  studios  ■‘tI  NC-e  Shtremberg. 

From  these  curves  it  follows  that  average  currents  of 
the  function  of  all  types  of  relay  and  currents  of 

release/tempering  the  majority  of  the  types  of  relay  (with 
the  exception  of  relay  of  the  type  (KES6)  decrease  with  an 

increase  in  the  ambient  temperature  from  + 20°C  and  increase 
with  its  decrease.  A change  in  average  currents  of  function 
of  the  various  types  of  relay  oscillates  within  limits  from 
1 to  13o/o,  while  values  of  the  currents  of 
release/tempering  - from  0 to  l^o/o.  The  root-mean- square 

deviation  of  increments  in  the  spill  currents  during 
temperature  changes  oscillates  within  limits  approximately 
from  3 to  12o/o,  while  those  in  the  currents  of 
release/tempering  - from  8 to  25o/o. 

Under  the  prolonged  influence  of  elevated  temperature, 
ages  the  insulation  of  wire,  appear  snortcircuited  turns  and 
winding  goes  out  of  order. 

Figures  12-3  shows  the  integral  distribution  curve  of 
breakdowns  of  relay  of  the  type  RESb  with  winding  impedance 
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2500  ohm  at  current  24  mA  and  amtient  temperature  ♦85°C;  m 
a quantity  of  relays,  which  broke  down  and  M0  - the 
total  quantity  of  tested  relays  (M0  = 20).  From  this  curve 
it  follows  that  at  the  temperature  of  *05°C  relay  they 
begin  to  go  out  of  order  for  150  h,  and  for  700  h 
appear  closed  loops  of  half  (50o/o)  of  tested  relays. 

Pressure  in  the  contacts  of  relay  under  the  prolonged 
influence  of  temperature  decreases. 


Figures  12-4  gives  differential  the  distribution  curves 
of  pressure  in  the  contacts  of  relay  of  the  type  RES6 
before  and  after  1000  h of  the  work  of  these  relays 
during  temperature  +85°C  (H0  = 80) . These  curves  show  that 
for  1000  h of  work  with  *85°C  in  45o/o  of  breaking 
contact  the  pressure  falls  below  12  r;  in  lOo/o  - below 

8 r. 


With  an  increase  in  the  temperature  decrease  the 
insulation  resistance  and  the  breakdown  voltage  of  relay. 

Figures  12-5  gives  curved  changes  in  the  insulation 
resistance  of  the  relay  of  types  R1U  BES6  and  RKN  from 
temperature. 


F I 

•ui 
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Fig.  12-3.  The  distribution  curve  of  breakdowns  of  relay  c 
the  type  RBS6  according  to  time  at  ambient  temperature  of 

♦850c,  K0  is  the  total  quantity  of  tested  relays  (F10  = 

20);  m - a quantity  of  speci  roen/samples,  which  left  the 
system;  r = 2500  ohm;  I = 24  raA; 

Key:  (1).  hours. 

Page  474. 

The  curves  of  the  insulation  resistance  of  contact  system 
relative  to  housing  are  depicted  by  solid  lines,  and 

between  winding  and  housing  broken  lines.  From  these  curves 
it  follows  that  with  an  increase  in  the  temperature  from 
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♦20  to  ♦100°C  insulation  resistance  decreases  approximately 
ten  time. 


As  a result  of  an  increase  in  the  erosion  due  to  an 
increase  in  the  concentration  of  organic  vapors*  isolated  b 
insulation,  the  service  life  of  the  contacts  of  airtight 
relays  vith  an  increase  in  the  ambient  temperature  from  +2 
to  t100°C  is  usually  decreased  or  the  average  two  or  thr~ 
times.  Defect  level  with  the  v^ry  light  loads  of  contacts 
with  an  increase  in  the  temperature  increases. 


The  great  v 
relays  with  an 
to  ♦lOO,  ♦ 1 2 5°C 
to  an  increase 


alue  of  the  contact  resistance  of  airtight 
increase  in  the  ambient  temperature  from  ♦ 
takje  considerably  increases,  apparently,  d 
in  tb->  concentration  of  organic  vapors  (see 


§ 18-8). 


Durin  g 

the 

fluctuations 

of  the  low  temperature 

of 

surroundin  g 

air 

from  0 to 

- (20-60) °c  are  observed 

t he 

failures  of  the  open  and  dustproof  relays  as  a result  of 
the  icing  of  contacts.  A quantity  failures  of  contacts  in 
this  case  depending  on  air  humidity  usually  varies  within 
limits  from  0.5  to  2o/o. 


■ 
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With  lowering  in  the  atmospheric  pressure,  increases  the 
temperature  of  the  overheating  of  winding#  decreases  the 
service  life  of  contacts  and  considerably  is  reduced  the 


breakdown  voltage 

of  insula 

tion 

of 

vindi i 

ig  and  contacts  of 

relay. 

At 

the  lowe 

red/reduced 

at  mo 

snhfc  r 

ic  a: 

Lr  pressure  a 

nd  wit.i 

voltage 

of  appro 

ximately  300  v 

the 

a mpl . 

. between  con 

tacts 

also  on 

the  pro 

jecting  chi 

sol 

od  ges 

of 

the  contact 

springs 

and  other  curren 

t-carrying 

part  s 

of 

the 

relay  appears 

tho 

glowing 

(calm)  d 

ischarge  in 

the 

form  cf 

weak  violet 

g low. 

Dielectric  strength  of  air  reaches  the  minimum  value  at 
atmospheric  pressure  in  several  millimeters 


of  mercury 


[ 
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1 

Fig.  12-4.  Distribution  curves  of  pressure  in  contacts  of 
relay  of  type  RES6  before  and  af*-er  1000  h of  work  at. 
temperature  of  ♦85°C.  1 - before  tests,  e,-2o*c,  f„  - tc,f>  r,  « • i.u  r. 

2 - breaking  contact  ¥„  - n,«  r,  o - z.u  r;  1 

circuit  closing  contacts  f„  - u.i  r.  „ - 2,2  r 

Page  47S. 

The  gloving  discharge  is  accompanied  by  hot  spot  at 

isolated  points,  by  radio  interferences  and  the  formation  of 

ozone  and  nitrous  connections,  which  detrimentally  operate  on 
metals  and  insulation  of  relay. 

During  interrupting  of  the  circuit  of  the  winding  of 
relay  even  with  low  voltages  (12-?fcv)  the  amplitude  of 
overvoltage  freguently  exceeds  1200- 1500  v.  Therefore  under 
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condit  ions  of  the  lovered/roduced  atmospheric  pressure,  it  is 
necessary  to  apply  the  airtight  relays  within  which  is 
retained  normal  atmospheric  pressure. 

The  conclusion/deri vat  ions  of  airtight  relays  are  usually 
insulated  from  housing  by  the  glass  insulating  beads  whose 
diameter  is  equal  about  .1  mm,  and  arcing  distance  (leakage 
path)  is  about  1 mm. 


The  breakdown  voltage  of  these  insulating  beals  at  a 
normal  atmospheric  pressure  is  more  than  2000  V eff.  (at 

frequency  'SO  GHZ)  , at  altitude  IS  km  (pressure  -70  mm  Hg ) 
are  about.  700  V eff.,  at  height/altitude  24  km  (-17  mm  mm 
Hg)  - about  350  v and  at  the  height/altitude  thof  42.5  km 
(-4  mm  Hg)  - about  200-225  V off.  [ L.  18-33], 


-* 
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to  which  are  soldered  isolated/insula  tea  lead  wires,  to  pour 
outside  foam  sealant. 


The  amplitude  of  overvoltage  can  be  considerably 
decreased  by  means  of  connection/i ncl usion  in  parallel  to 
the  winding  of  the  relay  of  miniature  varistor  ($  14-2). 


At  the  1 owe red/r educed  atmospheric  pressure  the  testing 


voltage 

o f 

insul at  ion 

is  must  be  higher  than  operating 

voltage 

a nd 

pot e nt ia 1 

difference  among  any  contacts  ana 

the 

windi ng 

n ot 

less  than 

to  SOo/o.  At  atmospheric  pre  ire 

4 1 

mm  Hg, 

the 

test ing 

voltage  of  insulation  of  relay  *• 

n ot 

exceed 

SOO 

V off.. 

at 

the  pressure  1b  mm  Hg  - J 

eff.  at 

a 

pressure 

of 

approximately  S mm  Hg  - 200  V 

eff. 

The  effect  of  atmospheric  pressure  on  the  temperature 
of  the  overheating  of  the  winding  of  relay  and  the  period 
of  service  of  contacts  is  examined  into  § 9-f>  and  18-t>. 


12-2.  Effect  of  the  increased  humidity. 


At  the  prolonged  action  of  the  increased  humidity  of 


[ 


thickness  of  getinax  separators,  at  the  metallic  parts  of 
relay,  appear  the  films  of  oxides  and  the  traces  of 
corrosion,  change  the  coefficients  cf  bearing  friction  and 
at  the  points  of  transmission  with  the  pushers  of 
effort/forces  from  armature  to  movable  contact  sprinqs,  and 
the  limiters  of  the  course  of  the  armature  of  the  relay 
of  the  open  performance  afterward  breakings  in  sometimes 
"adhere"  to  housing.  Therefore  after  the  stay  of  the  open 
(nonhermet ic)  relays  under  conditions  or  the  increased 
humidity,  change  the  spill  currents  and  release/tempering. 
Spill  currents  usually  increase  by  10-ISo/o,  a great 
increase  occurring  after  the  prolonged  idleness  of  relay. 
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Fig.  12-6.  Curved  changes  in  the  insolation  resistance  ( 
c/o)  from  the  value  of  relative  humidity. 


Key:  (1).  relative  humidity. 


Page  477. 

The  adhesion  of  the  travel  limiters  of  the  armature 
the  partially  worn  relays  sometimes  is  so  powerful  that 
even  the  operating  current  proves  to  be  insufficient  for 
function  relay.  The  cause  of  this  adhesion  thus  far  is 
estahl  ish/installed.  It  is  assumed  that  the  wear  products 
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limiters  (metallic  dust)  at  the  points  of  their  contact  i 

with  housing  with  accumulation  under  conditions  of  humidity 
are  oxidized  under  the  action  of  local  galvanic  vapor  and 
are  cemented,  fastenning  the  limiters  of  armature  with 
housing. 


In  airtight 

constructions 

t he 

spill  currents 

and 

release/tempering 

of  relay  do 

not 

depend  on 

the 

humidity 

the  external  surrounding  air. 

The 

insulat  icn 

resistance  ot 

relay  decreases  with  an  increase  in  the  relative  humidity 
of  surrounding  air.  The  tentative  curves  percentage  change 
in  the  insulation  resistance  of  relay  (insulation  of  class 
A from  the  value  of  relative  humidity  are  given  in  Fig. 
12-6.  From  these  curves  it  follows  that  the  insulation 
resistance  sharply  falls  with  relative  humidity  more  than 
90  o/o. 


A)  the  open  (nonhermet  ic)  relays. 

In  Fig.  12-7  are  constructed  the  differential  curved  of 
resistance  distributions  of  insulation  between  winding  and 
housing  of  relay  of  the  type  RES6  after  6 h of  stay  at 
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relative  humidity  98-100°/o  and  tem po rat ures  +20  and  + 40°c. 


Along  the  axis  of  ordinates,  is  deposit/postponed  the 
experimental  probability  density  of  insulation  resistance 


m/f10d  (where 

a 

a quantity  of 

relays 

, resistive  of 

insulation  in 

this 

interval , n0 

t he 

total  guanti ty 

of 

tested  relays 

and 

d - the  length 

of 

interval),  while 

a lon9 

the  axis  of  abscissas,  is  depos it /post poned  the  logarithm  of 
the  insulation  resistance  of  relay. 

The  integral  distribution  curves  of  insulation  resistance 
between  housing  and  winding  of  relays  of  the  type  RES  6, 
constructed  on  a logarithmic-probabilistic  grid,  are  oiven  in 
Fig.  12-8. 
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Pig-  12-7.  Differential  curved  drag  distributions  of 
insulation  between  winding  and  housing  of  relay  of  type 
RES6  after  6 h of  stay  during  relative  humidity  99-  100o/o. 
1 - temperature  ♦20°C;  2 - temDerature  +•¥&  C.m 


t emper  at  ure 


K^:  u)  msi 


Page  478. 


Alonq  the  axis  of  ordinates,  is  deposit/post poned  the 
probability  of  obtaining  the  specimon/samples  of  relay  with 
the  datum  of  insulation  resistance  N/H0  where  H - a total 
quantity  of  specimen/samples),  which  have  Jtm  mot  of  the 
more  corresponding  value  on  the  axis  of  mbscissms  (according 
to  the  data  of  the  studies  of  L.  V.  Polihnrpovoy)  . 


From  these  curves  it  follows  that  the  draq  distribution 
of  insulation  of  relay  is  subordinated  tc  lognormal  law.  At 
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relative  humidity  98-100o/o  and  temperature  ♦aooc 
root-mean- square  deviation  of  the  logarithm  of  insulation 
resistance  1.8  times  less  than  at  the  same  humidity  and 
temperature  ♦20°C. 


Depen  dence 

curves  of 

most 

the  insulation 

resista  nee 

of  w 

different  types 

of  relay 

f rom 

conditions  of 

relative  humidity 

♦20°C  and  ♦40°C)  are  qiven  in 


protable  (average)  values  of 
winding  and  contacts  of  th<> 
retention  time  under 
95- 98o/o  (at  temperatures  of 
Fig.  12-9. 


Recovery  characteristic  the  insulation  resistance  of 
relay  of  the  type  RS-52  after  their  withdrawal  from  sweat 
box  are  shown  in  Fig.  12-10. 


From 

resistance 
^ 6 under 
♦20°C  for 
♦40°C  q- 


these  curves  it  follows  that  ♦he  insulation 
of  the  windings  of  the  relay  of  types  RS-52  and 
conditions  of  humidity  98-10Qo/o  at  temperature  of 
48  h falls  to  30-10  but  at  temperature  of 

to  2.0-0. 4 MQ. 


After 

resistance 


withdrawal  from 
of  the  winding 

HQ  an 
h. 


sweat  box. 

the 

ins 

ulat ion 

of 

relay  of 

the 

t 

ype  -5  2 for  1 

d 

completely 

it 

is 

resto  red 

h increases  to  5-35 
approximately  for  50 
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Fig.  12-8.  The  integral  distribution  curves  of  the 
insulation  resistance  of  rerelay  of  the  type  RES6.  1 
before  tests,  60  = 20°C;  2 - after  stay  with  relative 

humidity  90o/o  for  48  h,  ©0  = 40°C. 

Page  479. 

The  insulation  resistance  of  contacts  is  restored 
considerably  faster,  approximately  for  3 h. 

dany  insulation,  as  for  instance,  paper,  fiber,  th 
incompletely  polymerized  plastics,  contain  insignificantly 
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Fig.  12-9.  Curved  of  the  dependences  of  the  insulation 

resistance  of  relay  on  retention  time  under  conditions  of 
relative  humidity  95-98o/o;  between  winding  and  the  housing: 
1 - type  RESlO;  2 - type  TSc-82;  3 - type  RES6;  between 

contacts  and  the  housing:  4 - type  RSC-52;  

temperature  +20°C;  - temperature  *40°C. 

Key:  (1).  Hours. 


Page  480. 


DOC  = 780  12424 


page  q 


Enamel  insulation  of  wire  must  not  be  contaminated.  The 
relays  with  windings  from  tine/thin  wires,  intended  for 

operation  with  the  increased  humidity  and  voltage  are  more 
than  50  v,  they  must  be  hermetically  isolate/insulated  or 
saturated  with  the  varnishes,  which  do  not  contain  fhe 

traces  of  acids. 

Accelerated  tests  of  the  windings  of  relay  for  the 
action  of  electrolysis  are  conducted  at  increased  humidity 

(95-d8o/o)  and  temperature  +30,  ♦40°C.  To  plus  of  power 
supply  through  limiting  resistor/resistance,  is  connected  one 
of  the  end/leads  of  the  winding  of  relay,  which  is  located 
in  sweat  box;  core  or  the  second  winding  of  this  relay 
are  connected  with  minus  of  power  supply® 
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Relays  are  maintain/withstood  under  conditions  of  t ho 
increased  humidity  and  temperatures  o£  15-40  days;  during 
this  time  periodically  are  checked  resistance  of  winding  and 
the  resistor/resistance  of  its  insulation. 

For  the  except ion/elimi nat i on  of  the  harmful  effect  of 
electrolysis  on  the  windings  of  the  open  ( nonher met ic) 
relays,  it  is  necessary  to  ground  the  positive  pole  (plus) 
of  power  supply  or  to  insulate  the  housing  (core)  of  relay 
from  the  earth/ground. 

B)  airtight  relays. 


Contemporary  airtight  relays  have  the  vacuum-tight 
sealing/pressurization,  coil  leads  and  contacts  they  are 
realized  with  the  aid  of  the  pins  Iroui  Kovar  alloy,  sealed 
in  in  glass  insulating  beads.  The  internal  volume  of  relay 
is  filled  with  dry  air  or  inert  gas. 

As  a result  of  the  h yg roscopici t y (wettability)  of  the 
surface  of  glass  and  small  path  length  of  escape,  the 
insulation  resistance  of  relay  under  conditions  of  high 
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relative  humidity  (95+3o/o)  for  48  h can  sometimes  be 
lowered  approximately  to  10  MO.  Therefore  insulating  beads 
must  be  cover/coated  outside  with  silicon  varnish  and 
shielded  their  surface  from  scratches,  overheating  and 
contamination  during  soldering- 


Is  restored  the  insulation 
normal  conditions  very  rapidly. 


resistance  of  relay  under 
for  2-10  min. 


If  insulation  of  coil  form  and  other  parts  of  airtight 
relays  is  made  from  the  usual  plastic,  which  isolates 
during  heating  a large  quantity  of  moisture,  then  through 
several  minutes  after  the  connection/inclusion  of  winding 
this  moisture  condenses  on  the  internal  surface  of  glass 
insulating  beads,  and  resistance  of  insulation  of  relay 
sharply  falls.  After  the  warm-up  of  the  base  of  relay 
approximately  after  20-30  min  the  moisture  on  insulating 
beads  evaporates  and  insulation  resistance  increases. 


In  the  case  of  the  contamination  of  the  internal 


surface  of  insulating  beads  by  the  residue/remainder s of 


acid 

flux 

or 

electrolyte  and 

condensations  of  moisture 

under 

the 

action 

of 

stray  current 

begins  the  electrolysis 

of 

the 

metal 

of 

the 

base  and  conclusion/derivations,  which 

can 

lead 

■MU 


NMMMM 
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of  corrosion. 

Therefore  for  the  production  of  airtight  relays,  it  is 
necessary  to  apply  special  insulation  and  the  plastics, 
virtually  which  do  not  isolate  during  heating  of  aggressive 
gases  and  water  vapors. 


Before  the  sealing/pressurization 

ot 

relay. 

t hey 

must 

well 

degassed  in  vacuum  thermostat  at 

pressure 

10"* 

mra  Hq 

and 

temperature  ♦170°C  and  are  filled 

by 

dry 

air 

or  the 

inert 

gas,  which  has  the  dew  point 

net 

above 

- (f»5 

-7  0)  °C. 

However,  during  changes  in  temperature  and  pressures  of 
surrounding  air,  water  vapors  can  penetrate  the  housing  of 
airtight  relay,  through  smallest  defects  in  the  junctions  of 
jacket  with  the  base  and  of  glass  insulating  beads  with 
conclusion/derivations  and  with  base  since  molecules  of  water 
vapors  have  very  small  size/diiaensicns  (lcakaqe  rate  of 
water  vapors  only  to  lOo/o  less  than  of  hydrogen  and  1.8 
times  more  than  of  air). 


If 

h urn  id 

air 

fills 

in  the  course 

of  time  only 

10  o/o 

of  internal 

volume 

of 

relay,  then  the 

dew  point  of 

t he 

filling 

g as 

will 

rise 

from  — (65-70)  °C 

approximately  to 

-ss°c 

-7T 
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C)  the  dustproof  relays. 

Dust- protected  relays  do  not  have  the  vacuum-tight 
airtight  ness.  Kith  an  increase  in  the  relative  humidity  of 
surrounding  air,  the  moisture  gradually  penetrates  inside 
relay  and  is  delayed  there  for  a prolonged  time  due  to 
the  absence  of  ventilation. 

Page  48.1. 

Therefore  the  dustproof  relays  usually  more  suffer  from 
the  action  of  the  increased  humidify,  than  the  open  relays. 

Metallic  parts  undergo  the  action  of  corrosion,  insulation 

resistance  is  reduced,  more  frequently  are  observed  the 
electrolysis  of  windings,  the  formation/education  of  the 

water  bridges  between  contacts  and  the  "icing"  of  contacts 
at  minus  temperatures. 


12-3. 


During  the  use  of  relay  in  movable  objects  or  in  the 
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stationary  equipment,  which  undergoes  the  action  of  the 
vibrations,  caused  by  operating  by  a secies  engines  or 
machines,  on  relay  affect  the  external  mechanical  vibration 

overloadings  of  different  amplitude  and  frequency. 

These  overloadings  cause  the  periodic  oscillations  of 
all  motionless  and  moving  elements,  which  is  led  to  a 

change  in  the  spill  currents  and  release/tempering  of  relay. 

spill  currents  under  conditions  of  the  vibration  of 

relay  usually  a little  decrease  (tc  4-25o/o)  as  a result 
of  periodic  decrease  of  working  air  gap  in  magnetic  circuit 
and  a decrease  in  the  coefficients  of  bearing  friction  and 

pushers  (backstops)  of  armature,  while  the  currents  of 
release/tempering  increase  (to  R-75o/o)  due  to  a periodic 
increase  in  the  load  of  armature. 

Furthermore,  under  the  action  of  overloadings 
periodically  change  effort/forces  (pressure)  in  the  locked 
contacts. 


If  frequency  of  the  external  forcing  coincides  with  t lie 
frequency  of  the  free  (its  own)  of  housing,  magnetic 
circuit,  movable  system  or  contact  springs,  then  occurs 
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resonance.  The  amplitude  of  the  oscillations  of  these  parts 
(parts)  sharply  grow/rises,  leading  to  the  periodic 
interruptings  of  locked  or  the  olosing/shcrting  of  dead 
contacts,  and  in  certain  cases  and  to  the  damage  (breaking) 
of  the  separate  parts  of  relay  or  the  break  of  lead  wires 
from  winding. 

Therefore  relay  must  be  constructed  so  that  the 
resonance  freguencies  of  all  parts  and  parts  (housing, 
magnetic  circuit,  movable  system,  contact  groups,  return 
springs  and  lead  wires)  will  be  as  far  as  possible  higher 
than  range  of  the  assigned  frequencies  of  the  forcing,  but 
a decrease  in  the  effort/forces  in  the  locked  contacts 
under  the  effect  of  vibration  does  not  fall  below  specific 
minimum  value,  ensuring  the  reliable  work  of  contacts. 

Vibration  stability  of  relay  is  usually  determined  by 

the  frequency  band  and  amplitudes  (accelerations)  with  in  limits 
of  which  they  are  absent  spontaneous  interruptings  or  the 
closirrg/sh  ortings  ("a uto/self-f unct  ion")  of  contacts. 

The  movable  and  contact  systems  oi  relay  in  dynamic 

sense  are  the  complex  system,  which  is  of  armature  with 

reduced  mass  and  the  elasticity  of  return  spring,  and 
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flexible  contact  system  with  one,  two  four  or  six  contact 
groups. 


Page  484. 


Contact  group  with  the  closing  or  breaking  contact 
consists  of  two  contact  springs  with  contacts  on  end/leads, 
and  group  with  stud  switches  - of  three  contact  springs. 


In  contact  group  with  stud  switch  in  the  absence  of 
coil  current  of  relay,  the  free  end/lead  (contact)  of 
average  (movable)  spring  rests  on  the  contact  of  lower 
(motionless)  with  the  specific  effort/force  (pressure  in 
contact)  . 


Upper  and  lower  (motionless)  contact.  springs  are  the 
bracket  whose  free  end/lead  sometimes  rests  on  supporting 
spring  or  rigid  backstop- 


Upon  the  connection/inclusion  of  the  winding  of  relay, 
average  spring  with  the  aid  of  the  pusner  of  armature  is 
remove/taken  from  lower  and  is  pressed  against  upper  spring. 


in  this  case  the  contacts  are  changed  over 
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Thus,  the  natural  frequencies  of  armature,  movable  and 
motionless  contact  sprinqs  are  different.  Under  the  influence 
on  the  relay  of  the  external  vibration  overloadings  of 
different  frequency,  the  normally  closed  contacts  of  relay 

begin  to  be  broken  (to  au to/sel f- wea r/oper at e)  at  the 
resonance  frequencies  of  an  entire  system,  which  consists  of 
movable  and  contact  systems. 

The  determination  of  the  resonance  frequencies  of  the 
complex  system  is  connected  vi*h  urea"-  difficulties#  the 
analysis  of  the  fluctuations  of  armature  and  contact  groups 
is  given  in  the  book  R.  Pik  and  G.  lleygar  [1.  4-33]. 

Let  us  examine  the  fluctuations  of  the  separate 
flat/plane  cantilever  spring,  attached  by  one  end/lead.  nl 
the  frequency  of  the  free  (its  own)  elastic 
single-deq ree-of-f reedom  system  is  determined  by  following 
expression  (1.  2-7]: 

= <12-» 

where  g - acceleration  of  gravity  and  y - static 
deformation  (sagging/deflection)  of  spring. 


The  value  of  the  static  deflection  of 


f lat/pla  ne 
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cantilever  spring  under  the  action  of  the  concentrated 
weight  of  contact  Q*  and  of  the  dead  weight  of  spring  0 

will  be  equal  to: 

4 Q(«  (4n  -f  f ) 

V 3 JJ “ IFfc* ~ * IS*  • ' ‘ ’ 


where 

E 

•s 

"3 

0 

0 

1 

us 

of  elasticity 

of 

t he 

material 

of  spr 

in  kgf/cm 

2:  J i 

s t 

he  second  mom 

o n t 

or 

area 

of  s 

pring ; 

is  ma< 

t eri 

al  dens 

ity 

of  spring  in 

■j/cm3; 

t h 

a nd 

l " 

widt  h. 

th 

ickness 

and 

the  length 

of 

soring  in 

cm : 

n is 

ratio 

of 

the  we 

ight 

of  contact 

t o 

t he 

weight 

of 

spri ng 

Page  48S. 


Substituting  in  equation  (12-1)  instead  of  u its  value 
from  last/latter  expression,  we  obtain: 


, _ J i •««  _ is?*  i ' Z 

,#  2nb  I y(4«  + I)  J*  I V(4"  + 1)‘ 


For  flat/plane  cantilever  springs  from  white  copper 
without  contacts  (n  = 0)  natural  frequency: 


(12-3*) 


Figures  12-11  gives  curves,  constructed  by  author  with 
the  aid  of  foraula  (12-^a). 
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Fig.  12-11.  Curved  of  the  dependences  of  the  natural 
frequency  of  flat/plane  cantilever  springs  frow  white  copper 
on  the  length  of  these  springs  with  their  different 
thickness. 

Key:  (1).  Hz. 
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Por  flat  springs,  prepared  from  the  phosphor  bronze, 
the  value  of  natural  frequency,  found  from  the  curves  of 
Fig.  12-11,  must  be  multiplied  by  0.08;  for  springs  from 
silicomanganic  bronze  - by  1.03;  for  springs  from  beryllium 


bronze 

by  1.08 

and 

for  springs  made 

of 

strip  spring 

steel 

by  1.37. 

The 

static  deflection 

of 

the  cantilever 

spring  of  round  cross-section  (wire  spring)  is  equal  to: 


QP  (in  + 1)  ■ 64  _ iyH  (in  pi) 
i2End*  sEd* 


(1^-2.. ' 


where  d and  J - a diameter  of  section  and  the  length  of 
spring  in  cm. 


Natural  vibration  frequency  of  the  cantilever  spring  of 
the  round  cross-section 


, 1 , f ZEgd « 137  d 1/r  E 

1°  ~ 2n  V 4\P  (4 n + 1)  P f Y (4 n + 1)  1 


(12-4) 


■ 

i*. 


For  the  cantilever  springs  of  round  cross-section  from 
white  copper  without  contacts)  natural  frequency 

= NM0*£.  (12-4.i) 

The  amplitude  of  forced  oscillations 

s = (12-M 
m y (wj  — w*)*  4-  4tt*n> 
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where  I'm  is  amplitude  of  sinusoidal  perturbing  force,  m 
reduced  mss,  u and  ua  - the  angular  perturbation  and 

resonance  frequencies  and  - the  damping  coefficient. 

Curves,  given  in  Pig.  12-11,  it  is  possible  to  also 
use  for  determining  the  natural  frequency  of  the  cantilever 
springs  of  round  cross-section  (without  contacts)*  if  instead 

of  the  thickness  of  spring  h to  plot  its  diameter  d and 

obtained  from  curve/graph  results  to  multiply  by  ratio  S0/r>8 

= 0.86. 


If  the  free  end/lead  (contact)  of  cantilever  spring 
rests  on  rigid  support  (fixed  contact),  then  the  frequency 
of  the  fundamental  harmonic  of  the  free  fluctuations  of 
this  spring  will  be  4.4  times  more  than  in  the  not 
supported  spring  [1.  4-33]: 

A -4.4/,. 


f* 


The  frequency  of  quadratic  component  will  be  equal  to 
= 14.2  f0,  and  by  the  third  fs  - 29.5*f0. 


Therefore  for  an  increase  in  the  vibration  resistance 
the  contact  systems  of  relay,  it  as 


of 


necessary  that  the 
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free  end/leads  of  the  movable  cantilever  springs  rest  on 
fixed  contacts  or  backstops,  and  irot  ionless"  sptinqs  also 
have  supports. 


Fage  487. 


The  natural  frequency  of  cantilever  springs  increases 
proportional  to  the  thickness  of  spring  and  inversely 
proportionalto  square  length;  however,  in  this  case  they 

decrease  the  value  of  the  permissible  spring  sag,  which 
determines  the  great  distance  between  contacts. 


The  value  of  the  greatest  permissible  saqging/d of lect ion 
cf  flat  spring,  according  to  formula  ( 3—  S) , is  equal  to: 

2 **. 

3 ' ' HE' 


From  formula  (12-3a)  we  find: 


t»  _ rn  | f E 

* ~ 7.  r y • 


Substituting  in  expression  for  the  greatest  permissible 
sagging/deflection  of  flat  spring  y,„  instead  of  ratio  \*/ h 
its  value  from  last/latter  expression,  we  obtain  the 
dependence  of  va  loe  ym  from  th>3  natural  frequency  of  the 


spring : 


1 1 2-7 1 
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Page  488. 

To  Fig.  12-12,  ace  given  dependence  curves  of  the 
value  of  the  greatest  sagging/deflect i6n  ym  due  to  natural 
frequency  for  flat  springs,  prepared  froe  different 
aaterials. 

The  resonance  frequencies  of  relay  depend  on  the 

reduced  lasses  of  acaature,  recurrent  and  contact  springs, 
and  also  on  thickness,  length  and  the  nodulus  of  elasticity 
of  these  springs.  The  values  of  these  quantities  of  the 

different  speciaen/saaples  of  just  one  type  relay  vary 

within  soae  Units,  deterained  by  production  tolerances. 
Therefore  the  resonance  frequencies  of  just  one  type  relay 
oscillate  within  sufficiently  large  Units. 


After  the  attraction  of  araature,  contact  systen  is 
changed  over,  appear  the  suppleaentar y fulcruns  of  araature 
and  springs,  and  the  resonance  frequencies  of  relay  change 
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If  the  arnature  of  relay  is  not  balanced  or  has 


anple 

clearances  in 

axes,  then  the 

resonance 

f reque ncy 

relay 

depends  also 

on  the  direction 

effect 

acceleration 

the 

of 


force. 
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Pig-  12-13.  The  distribntion  curves  of  the  resonance 
frequencies  of  the  relay  of  the  type  HS4  (Ho  75)  • 

breaking  contact;  2 - circuit  closing  contacts. 

Key:  (1).  H*. 


Page  489- 

To  Pig.  12-13,  are  given  the  integral  distribution 
curves  of  the  resonance  frequencies  of  the  breaking  and 
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circuit  closing  contacts  of  relay  of  the  type  R ES6  with 

two  stud  switches  in  the  absence  of  coil  current  and 
during  the  safety  factor  on  static  current  (according  to 
the  data  of  research  of  T.  K.  Shtrenberg). 

Tests  were  carried  out  in  the  direction  of  acceleration 
force  of  the  perpendicular  to  the  plane  contact  springs  of 
relay.  Tested  75  contact  groups  to  38  relay  (N0  * 75). 

Proa  these  curves  follows  that  the  resonance  frequencies 
of  the  breaking  contact  of  relay  of  the  type  RES6 

oscillate  vltliia  Units  fron  480  to  660  Hz  [nathenatical 
expectation  /„  « 576  root-nean-squar e deviation  * = 34.8 


■ / r 

Hz  (6.05o/o)  ],  and 

the 

resonance 

frequencies 

of 

circuit 

closing  contacts 

fron 

540  to 

760  Hz  I/p 

- 654 

Hz  and  « 

48  Hz  (7.35o/o)  ] 
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Pig.  12-1*.  Tka  distribution  cartas  of  tka  acceleration 
linits  during  which  auto/self-wear/operate  (they  are  broken) 
the  breaking  contact  of  relay  of  the  type  RBS6  during 
vibration  on  resonance  frequencies.  1 - acceleration  force 

is  directed  of  perpendicular  to  the  plane  contact  springs; 

2 - acceleration  force  is  directed  along  contact  springs. 

Page  490. 

To  Pig.  12- 14#  are  given  the  integral  distribution 
curves  of  the  acceleration  linits  during  which 
auto/self- wear/operate  (they  are  broken)  the  breaking  contact 
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of  relays  of  the  type  RBS6  during  vibration  on  resonance 
frequencies  and  the  absence  of  coil  current,  constructed  on 
probabilistic  grid. 

Testing  was  carried  out  under  tehe  influence  of 
acceleration  force  in  two  nutually  perpendicular  planes. 


Proa  these  curves 

it 

follows  that 

in 

the 

direction  of 

acceleration  force  of 

the 

perpendicular 

to 

the 

plane  contact 

springs  of  relay  are  self-actuating  at  resonance  frequencies 
during  accelerations  fron  6 to  22.4  g.  During  acceleration 
12.4  g,  auto/self-vear/operated  50o/o  of  tested  relays. 
Hatheaatical  expectation  is  equal  to  12.4  g and 
root-nean- square  deviation  • * 5.0  g(40.3o/o). 

In  the  direction  of  acceleration  force  along  contact, 
springs  of  relay  auto/self-vear/operate  during  accelerations 
fron  7.5  to  32  g (larger  acceleration  it  does  not  give 
vibration  table). 

The  half  of  the  tested  relays  auto/self-eear/operated  at 
resonance  frequencies  during  acceleration  23.8  g.  Hatheaatical 
expectation  is  equal  to  23.8  g and  root-aean-square 
deviation  • • 11-2  g(47.1o/o). 
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For  a decrease  in  the  spread  of  paraaeters  and 

increase  in  lower  boundary  of  the  acceleration  during  which 

occurs  the  auto/self-function  of  the  contacts  of  relay,  it 
is  necessary  to  decrease  the  tolerances  for  the  thickness 
of  springs,  to  raise  the  accuracy  of  production  and 

assembly  of  parts,  and  it  is  also  aore  thorough  to 

regulate  relay. 

Soaetiaes  can  be  used  the  aethod  of  the  selection  of 

the  aost  vibration-proof  relays. 

The  value  of  acceleration  during  vibration  can  be 

deterained  with  the  aid  of  the  foranla: 

n = 4,03-10  »/**, 

where  n - acceleration  in  unity  g (acceleration  of  gravity); 


s - aaplitude  of  oscillations  in  aa; 


f - frequency  in  Hz. 
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12-4.  Effect  of  unifora  accelerations. 


During  use  in  lovable  equipment  for  relay,  they  undergo 
the  influence  of  external  nechanical  g-forces  - constant 
(linear)  accelerations.  These  accelerations,  operating  on  the 
■ovable  and  contact  systeas  of  relay,  change  its  nechanical 
characteristic  and,  consequently,  also  the  spill  currents  and 


release/teaper ing. 

with 

an  increase 

in 

the 

accelerat ions , 

they  can  achieve 

such 

value  under 

action 

of  which 

the 

contacts  of  relay 

it 

is  extended 

or 

they 

will  be 

closed 

in  the  absence  of  coil  current  ("auto/self-wear/operate") . 


For  decreasing  the  action  of  aechanical  overloadings,  it 


is  necessary  to 

counterbalance 

(to 

balance) 

the 

aov  able 

systea  of 

relay. 

However,  of 

valve 

type. 

relay 

this  is 

difficult. 

since 

it  is  necessary  to 

apply 

the 

supple  aentary 

counterweights  which  increase  the  acaent  of  the  inertia  of 
aovable  systea,  which  leads  to  decrease  in  the  vibration- 
and  iapact  resistance  and  vibration-  and  the  shockproof 
qaality  of  relay. 
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Page  491. 

The  stability  of  relay  to  the  effect  of  unifora 

accelerations  is  determined  by  two  values:  changes  in  the 
spill  currents  and  release/teapering  under  the  effect  of  the 

unifora  acceleration  of  the  assigned  magnitude  and  by  the 
limiting  value  of  acceleration  with  ahich  they 

auto/self-wear/operate  or  do  not  release  the  contacts  of 
relay. 


Usually  the  stability  of  relay  to  the  effect  of 
uniform  accelerations  is  determined  from  interrupting 
("auto/self- function")  of  the  breaking  contact*  since  for 
closiag/shorting  or  interrupting  of  circuit  closing  contacts 
usually  is  reguired  larger  acceleration. 

Therefore  as  the  acceleration  of  "a uto/self- function"  is 
accepted  the  small  external  acceleration  during  which  are 
broken  the  breaking  contact. 

9 or  determining  the  limiting  value  of  the  uniform 
acceleration*  calling  the  "auto/self-functicn"  of  relay*  it 
is  necessary  to  examine  the  revolviqg  and  reactionary 
torgue*  which  appear  under  the  effect  of  uniform 
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acceleration  on  all  parts  of  the  notable  systea  of  relay 
in  the  aost  unfavorable  direction. 


Under  the  effect  of  uniforn  acceleration  in  the 
direction  of  the  notion  of  aovable  contact  springs  (it  is 
perpendicular  to  the  plane  of  these  springs)  to  interrupting 
the  breaking  contact  contribute  turning  ncnents,  created  by 
the  action  of  uniforn  acceleration  on  the  nasses  of 
arnature  and  contacts,  and  to  the  distributed  nasses  - 
contact  and  return  springs. 


(Turning  nonent,  created  by  the  action  of  uniforn 
acceleration  on  the  nasses  of  arnature  and  contact,  it  is 
possible  to  express  by  the  following  foraula: 


Wk  ~ + Q»Jh)>  (12-8) 


•here  m„  and  mM  — the  naeees  of  nrnntnre  and  contact*  Q, . 
and  Q*—  the  weight  of  araatere  and  contact*  g - the 
acceleration  of  gravity  nt  - the  value  of  external  uniforn 
acceleration  in  the  portions  of  the  acceleration  of  gravity 
U — the  distance  between  centers  of  the  rotation  of  arnature 
and  its  center  of  gravity  in  the  direction,  perpendicular 
to  the  direction  of  the  action  of  uniforn  acceleration  and 
ln~  the  length  of  spring  froa  the  place  of  its  seal  to 
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the  center  of  contact. 

Turning  aoaent,  created  by  the  action  of  unifora 

acceleration  on  the  distributed  aasses  of  contact  and  return 

springs,  it  is  possible  to  record: 

M mhi  “ A/ M 4"  " jj  Sif  + 9*0  ” 

'j  "t"  Qn^ut)>  (12-9) 

where  q*a  and  - the  susses  of  the  unit  of  the  length  of 
contact  and  return  springs,  <)„„  sad  Q*  — the  weight  of 
the  test  sections  of  the  contact  and  return  springs  and  /Hll 
and  l.«  - the  length  of  the  test  sections  of  the  contact 
and  return  springs. 

Page  492. 

If  relay  has  several  contact  groups  and  return  springs, 
then  conn on/genera 1/total  turning  aosent,  created  by  the 
action  of  unifora  acceleration  on  the  aovable  and  contact 
systen  of  relay,  sill  her 

Af*-  Mn  + *W„  + *.WK„  +Mf-.  (12-Hn 

where  k is  a nuaber  of  contact  groups  of  relay  tad  k,  - 
a nuaber  of  return  springs  of  relay*. 
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This  torque/aoaent  opposes  the  tor gue/aoaent*  created  by 
the  effort/forces  of  the  contact  and  return  springs: 

Mnp  **  (7  *i  + AA" ■)  -f  AM/,,A',  (12-11 

"here  AV.  — the  force*  necessary  for  the  overconing  of  the 
initial  effort/force  of  return  spring*  \F,  the  force* 
necessary  for  displacing  the  return  spring  for  the  value  of 
the  freewheeling  escapenent  of  arnature*  and  F„  pressure 
in  the  breaking  contact. 

After  converting  all  torgue/nonents  to  the  forces*  led 
to  the  pusher  {backstop)  of  arnature*  we  find  froa  the 
equation  of  the  eguilibriun  of  these  forces  fornula  for 
detersining  the  value  of  acceleration*  with  which  the  relay 
will  auto/self-wear/opnrate: 


kF«  I; + m*. + !; 


"i  - — i ?--- 

Q«r"  + *<?«/, "+  s ( 

•» 

,7 +*.<?„  “) 

(12-12) 

where  h — 

Distance 

froa  rotational 

axis  to  the 

pusher 

of 

ar enters* 

/ , 

distance  fros  the 

bearing  edge 

of  contact 

spring  to 

pnsher 

and  i,  — distance  fron  the 

bear ing 

edge 

of  return 

spring 

to  pnsher. 
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If  unifora  acceleration  is  directed  in  the  plane  of 


springs,  then  its  action  on  contacts  and  the  distributed 


aasses  of  springs  can  be  disregarded. 


In  this  case  expression  (12-12)  is  sinplified: 


k r , , n. 


kT;F*+ki'it(F»+SF') 


(12-13) 


where  M — the  distance  between  centers  of  rotation  and  the 


center  of  gravity  of  armature  in  the  direction,  which 


corresponds  to  the  new  direction  of  acceleration  force. 


These  foraulas  are  derived  T.  !U  Shtreaberg. 


Substituting  in  expressions  (12-12)  and  (12-13)  the 


nominal  values  of  the  effort/forces  of  contact  and  return 


springs,  weights  and  distances,  we  will  obtain  the  nost 


probable  values  of  the  accelerations  of  auto/self-function  in 


two  autually  perpendicular  planes. 


Page  493. 
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If  we  instead  of  the  nominal  substitute  the  minimum 

valaw  of  effort /forces  FH  ud  F,  aid  of  distaacaa  l, 
aad  t,  a>dt  on  the  contrary*  tk«  nnzinnn  valaaa  of  weights 

Qh>  C>« * (An  aid  Q *n  end  distances  ^ » t|«n  and  ^en» 

then  by  formulas  (12-12)  and  (12-13)  it  is  possible  to 
obtain  the  aininun  values  of  the  uniforn  accelerations  of 


the 

auto/ self- function 

of 

relay. 

To  Pig.  12-15, 

are 

given  the  distribution  curves 

of 

the 

contact  pressure 

of 

the  breaking 

contact  of  the 

relay 

of 

types  RRS6,  RES9 

and 

RES10.  Froa 

these  curves  it 

follows  that  the  pressure  in  the  contacts  of  relay  and, 
therefore,  the  stability  of  relay  to  the  effect  of  uniforn 
accelerations  change  over  wide  Units'. 


The  integral  distribution  curves  of  the  nininun  values 
of  the  uniforn  accelerations,  calling  the  "auto/self -function" 
of  the  relay  of  types  RS-13,  RHU,  HES6,  BES9  and  RES  10, 


are 

shown 

to 

Pig.  12-16.  Fron  these 

curves  it  is  evident 

that 

the 

law 

of  the  distribution 

of 

the  nininun 

accelerations 

of  auto/ self-function 

is 

close  to  nornal. 

Belays  of  the  type  RES6  with  two  stud  switches 
auto/self- wear /operate  during  accelerations  froa  44  to  212  g. 
The  aathenatical  expectation  of  the  acceleration  of  the 
auto/self- function  of  these  relays  is  equal  to  126  g,  and 
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th«  coot- Mao- square  deviation  of  acceleration  is  33 
9(26.2o/o)  . 

The  greatest  stability  to  the  effect  of  unifora 
accelerations  has  a relay  of  the  type  RES10  (froa  90 
294  g). 


to 
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broking  co  at  act  of  relay.  1 - typo  81810:  jr  . M g,  • - 

1-84  g,  No  * 64;  2 - typo  8889:  - im  g.  . . i.g*  g# 

N0  * 100;  3 - type  RBS6:  A,  - u gr  • - 2.48  g.  H0  . 

64. 

K«y:  (1).  g. 


Pago  494. 

During  offoct  of  uniforo  acceleration  with  value  25  g 
average  current  of  the  function  of  relay  of  the  type  RKS6 
■ith  two  stud  switches  changes  by  7.60/o  of.  those  of 
cothe  typo  88S9  - to  9.3o/o  of,  those  of  the  type  RBS10 
to  I.60/0  of,  those  of  the  typo  ffNU  with  two  stud 
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suit ekes  - to  10.5o/o  and  the  type  of  RS~13  with  one 

closing  and  one  breaking  contact  - to  24^«o/o. 

With  the  aapere-turns*  not  calling  the  saturation  of 
■agnetic  circuit*  an  increase  in  the  spill  current  under 
the  action  of  unifora  acceleration  has  a dependence  on  the 

value  of  acceleration*  close  to  linear. 

A decrease  in  average  current  of  release/teaper ing  under 


the  effect 

of  unifora 

acceleration  by 

value 

25  g on  relay 

of  the 

type 

BES6  is 

equal 

to  9.8o/o* 

the 

type  RBS10  - 

6.  2o/o* 

the 

type  of 

RHU  - 

9.8o/o  and 

the 

type  of  RS-13 

31.9o/o. 

The  dependence  of  reduction  in  current  of  the 
re lease/te apering  of  relay  on  the  value  of  acceleration  has 
aore  coaplex  character. 
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the  root- aean-sgu are  deviation 

of  the  spill 

current 

of 

these  types  of 

relay  under 

noraal 

conditions  is 

within 

the 

Units  fron  4.3 

to  II.Oo/o, 

while 

that  of  the 

current 

of 

release/tenpering 

is  fron  12. 

2 to 

20  o/o. 

The  iaf.stigation  of  tb.  .ff.ck  of  unifot.  .co.l.r.tions 
o»  tho  .ock  of  tel.,  is  ,.d«  T.  K.  shtteebec,.  b,  0.  v. 
Gayevskoy  and  by  Ye.  D.  Plyufchinoy. 

During  tests  on  centrifuge,  the  constant  value 
acceleration,  which  operates  on  relay,  can  be  deter nined 
fron  the  following  fornula: 

n ==  11,17  -10  «yv*r,  (12-14) 

»bere  H is  nunber  of  revolutions  of  centrifuge  per  ninute 
and 


r - distance  fron  the  rotational  axis  of  the  amature 
of  relay  to  the  rotational  axis  of  centrifuge  in  cn. 
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